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A method for the preparation of human pro hrombin . =
fragment 1.2 -(F1.2) from.freéhiy clotted plasma wés developed.
Addition of exogenouS'Fi.Z to citrated normal human plasma
prolonged prothrombin time and”activated partial thromboplastin
time by 0.9 and 2.4 s/uM F1.2, respectively.- Delayed thrombin
generation was not attributed to inhibition of tissue factor
activity nor inhibition of factor X activation but to
interference with gﬁpspho]ip%d interactions in thé
prothrombiqase complex. In mjce, 500 pg (14 M) of F1.2 gave '
100% protection from‘ti§§he factor 1ethality,rwhereés & ﬁnits
(3 uM) of heparin was required- for 100% protection. Either L.
dose of F1.2 or heparin. protected mice from thrombin-induced & _.
death. However, 500 ug of F1.2 was not effective in ‘protecting
mice from lethal effect of~factor Xa and cephalin, while 0.75
units of heparin prevented such lethality. .Thesé findings
demonstrate that than prothrémbin F1.2 has éhticoaguTant and

antithrombotic properties.
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CHAPTER 1



INTRODUCFION ' \

-

1.1. EVOLUTION OF THE COAGULATION SCHEME

For more than'a centur&, contact between damaged tissue
and blood has been known 1o_initiate the ¢lotting process. The
contribution of tissue factor to this phenomenon was first .
demonstrated by de-Blainviile in 1334, when he injected tissue
extract intravenously into animals and oSserved imme@iate death

0f the animals from intravascular thrombi. Followin3g this, the

existence of sepérate inactive entities in blood whicn could be
triggered into sequential reactions by calcium jons and an
activator released from cellular damage became evident from the
work of many researchers {reviewed by Biggs & MacFarlane, 1862;
Biggs, 1972). Sﬁbsequent]y, Morawitz (1805) proposed his )
classical 'four factar' theory of blood coaguliation (Fig. 1;.
This‘?ypothesis recognized four essential components of blood.
coagulation : fibrinogen (factor I}, prothrombin-{factor 1i),

tissue factor or thromboplastin (factor 111}, and calcium ions

(factor IV). Morawitz postulated that in normal circulation
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Fig. 1 The 'four factor' theory of blood coagulation from
Biggs (1972).
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blood remained fluid becau;e prothromb}n and fibrinoéen-were
inherently stable. Following tissue damage, thromboplastin
enteréd the blood and reacted with prothrombin, which in turn
~ reacted with fibrinogen to form the insoluble strands of’
“fibrin. As we now know, this theory presents in essence only
the penultimate stage of the coagulation reactions. The
complexity of the blood coagulation system with its nearly 20
different coﬁponents was not recagnized unt{1 more than fiftj
years after Morawitz's initial proposal.

The cascade or waterfall moael'for blood coagulation,
b}pposed by Macfarlane (1964} and Davie and Ratnoff (1664, is

y

based on numerous éxperimental observations and i particular.

Y oto X1, They propased

the discovery of'coagufation.fap
that blood cdagulation proceeds via a blochemical amplification
system in which, sequentia]]y,.one serife prbteinaSe activates
d succeeding proenzyme to a proteinaséWSntil arogthrombin is
converted to thrombin (fib. 2. fn this wodel, 2 routes for
the initiation of blood coagulation were prop : the
intrinsic (contact) pathway initiated with follr XII in
contacf with artificial surfaces, and the extriﬁsic pathway
jnitiated with factor VII and tissue factor. The "intrinsic®

pathway is so'nahed because it operates strictly with

‘ ComponEnts normally found in blood which upon exposure ta glass
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®
Fig. 2 An overview of coagulation pathways from Bang
(1984 ).
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or other négatively charged surfaces initiates coagulation.
The'ferm "extrinsic“_was app]iéd because tissue extract
required to trigger coagulation was extrinsic to blood. While-.
the initiation and propagation reactions differ, the‘Z pathways
converge at the activation of factor X. In both cases,
dctiyation\of factor X involves proteolytic cleavage of a
single Argg,-1le;, bond of the heavy chain of factor X and the
liberation of an activation glycopeptide (Fﬁjikqwa et al.,
19745 Jesty and Nemerson, 19%4). The factor Xa generated by
either pathway converts prothzombin ;o.thrombin Tﬁiscussed in )
next section). Subsequent limited proteolysis of fibrinogen by
thrombin results in thg formation of fibrin wmonomers, which ing'
turn will polymerize spontaneously, and on cross-1inking by
factor X¥lla result in the formation of insoTu?]e fibrin o

network.

Due to early recognition of hemorrhagic diathesis
associated with factor VII1 and IX deficiencies, the iﬁportance
of the intrinsic pathway is well documented {Levine, 1987). 4
More recently, it has been demonstrated that factor VII, tissue
factor, and Cazf in addition to being an activator of factor i
can also serve as a very potent activator of factor IX (Osferﬁa

and Rapaport, 1877). Further, the c1inica1,significance of

factor VIi-is evident from reports of bleeding and thrombotic

Y
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tendencies in patients with factor VII deficiencies (Gershwin.

" and Gude, 1973; Triplett et al., 1985). Thus, the role of
extrinsic pathway in physiologic.cdagu1ation cannot be

overlooked. . - @

1.2. ACTIVATION OF PROTHROMBIN
-~

Tt

ProthrOmSin is a single chain glycoprotein wf%h a4
molécular weight of approxim;teiy 72,500 daltons (Magnusson et
al., 1975;.Suttie and chkson, 1977). The primary structures
.of human and bovine p}othrombins have been e1uéidated, and
there are 581 and 582 amino acid.residues in the human and’
bovine molecule, respectively (Mann et al., 1381;. Prothrombin
occurs in human'p1asma at ‘a concentration of about 0.15 g/L (2
uM} with a range of 110 to 212 mg/L (McDuffie gﬁ;gl., 1979;.

Prothrombin is susqeptibie to“proteo1ysis ny factor Xa
and thrombin (Suttie and Jackson, 1977; Jackson, 1937;. The
bonds hydro]yzed are illustrated in Fig. 3. Fa&tor Xa cleaveds
human prothrombin a£ twb sites Arg273-Thr274 and Ar9322-11e323
(Downing gg_éi., 1975; Rosenberg et al., 197%a,. Since bovine
“prothrombin contaiﬁs a single residue insertion at pos{tion 4
in the segquence, ArgZM-Thrz75 and Arg323-11e324 are the

corresponding bonds in bovine prothrombin cleaved by factor Xa



Fig. 3

W.

A diagrammatic representation of human prothrombin
showing peptide bonds cleaved b, factor Xe anc
thrombin, Factor.Xa cleavage sites are indicated by

- arrows below the protein and thrombin clgavage sites

are indicated by arrows above the .protein.
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(Esmon and Jackson, 1974a; Owen et al., 1974). The peptide
bonds in human prothrombin 5u§céptible to the action of
thrombin are Ar9155'ser155 and Arg,ec-Thryg,, whereas in bovine

_prothrombin only the Arglse-Ser157 bond is c¢leaved by thrombin

{Downing et é]., 1975 Esmon et al., 1974a). In addition, the

Arglss-Serlss and ArgZBG-Thr287 bonds -in human prothrbmbin have
been reported to be suséeptib]e to hydrolysis by either
“thrombin or factor Xa (Downing et al., 1975; Rosenberg et al.,
1975a; Lau et al., 1979).

| The\qemenclature for the vafious proteolytica11j
derived intermediaies or products of prothrombin is'designEted
by whether or not they contain the amina a2cid sequence which
J1timate1y becomes. thrombin, i.;i, prethrombins contain the
séquence of thrombin and prothrombin fragments do rot (Jackson,

S

lQTi). Thus, the recommended terminology for human prothrombin
derivgtives is as follows: frégment,l {residues 1-155},
fragment 2~(residues 156-273), fragment 3 (residues 273-288},
fragment 1.2 (residues 1-273), fragment 1.2.3 (residues 1-286),
prethrombin 1 (residues 156-581), prethrombin 2 (residues 274-
' 581), meizothrombin (two chain structure comprised of residues
1-322 and 323-581 covalently linked by disuifide bohds),
meizothrombin des fragment 1 (two chain structure comprised of

residues 156-322 and-323-581 covalently linked by disulfide

x

11



bonds ). . ' '

Studies on fadtor Xa-catalyzed conversion of
prathrombin into thrombin indicate that the reaction proceeds
primarily via two pathways. The major difference between the
two pathways resides in the order of bond cieavage of
prothrombin by factor Xa (JachOn, 1987). It appears that in

;the absence of the prothrombin activation accessory component,
factor Va, the first peptide bond hydro]jied is Ar927£-Thr275
and prethrombin 2 occurs as ‘the intermediate 16 the formation
of thrombin (Esmon et al., 1974b; Krishnaswamy et al., 1986,
However, meizothfombin.is the intermediate involved in
prothrombin-éétivation cata]yzedﬂby prothrombinase complex

2+,

(factor Xa, factor Va, phospholipids and Ca®") as Ar9123-1193q4

*

is the first peptide bond hydfoiy:ed (Krishnaswamy €t al.,
1886 Rosing et at., E@BG). In either case, activation of
prothrombin leads to formation of fragment 1.2 and thrombin
although the order of bond cleavage may be reversed (Jackson,
1987).

In the activation of prothrombin, the isolation of

-~

fragment }; fragment 2, fragment 1.2, and fragment 1.2.3 have
all been reported (Aronson et al., 1977; Aronson et al., 1980;
Govers-Riemslag et al., 1985; Ofosu et al., 1986; Ofosu et al.,

1687; Rabiet et al. 1986). The precise reaction conditions

y i
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that favar the formation of these fragments are not well '
"defined. It is possible that F1.2.3 is a transient

intermediate.and that Fl and F2 are degradation preductss - .

P
Eurther, Aronson et al. (1977) have shown that F1.2 persists in-

freshily clotted human blood for hours in a plasma milieu; and
purified F1.2, however, is easily degraded by thrombin into Fl
and F2.

Functioﬁally, prothrombin Fl with its 10 _.
gamma-carboxyglutamic acid (Gla) residues is the vitamin
FK-dependent portion of prothrombin as vitamin K is required for
the post-ribosomal carbbxy]ation of specific glutamic acid
residues (Esmon et al., 1975; Jackson and Suttie, 1677}, The

| Gla residues confer on the molecule the ability to bind‘Ca2+,
which mediate the binding of prothrombin to coagulant
phBSpho1ipids through Ca?+ "bridges" {Gitel gi;gl., 1673,
Dombrose et al., 19793; The functien of F2nappear5 to be
related to intgracéﬁbns with factor Va (Esmon and Jackson,
1974b; Guinto and Esmon, }984). The carboxyl-terminal half
represents the enzymic functional domain of prothrombin, and
expression of active seriﬁe»site of enzyme requires‘%he
hydrolysis of.x:u--gézz-ue_.f23 (Jagkson, 1987).

The effjcient conversion of prothrombin to thrombin

requires the assembly of the prothrombinase complex (Suttie and

13



Jackson, 1977; Jackson, 1987)}. The components which constitute
-the complex are factor Xa, Ca2+, phospholipids and facior Va,
“Faciﬁr Xa is the catalytic component of the complex and the
other components serve to accelerate the rate of the factor
Xa-catalyzed reactions.

Factor Xa, a2 sering profease, hydroiyze§ 2 peptide
bonds in p}othrombin: the arginyl-threonyl bond between the
pro-half Lprothrombin fragment 1.2) and the thrombin-farming
(prethrombin 2) half of the molecule, and the arginyl-isoleucyl
peptide bond between the 2 chains of thrombin {discussed in
previous paragraphs). The order ﬁf bond c]g&vage in
prothrombin by factor Xa‘may vary pending on the reaction
wcondition [Jackson, 1987; Krishnaswamy et al., 1936}. However,
fdﬁtqr Xa in the absence of accessory components can 35111
catalyze the conversion of prothrombin to 4thrombin albeit at 2
rate insufficient.to.support blood cuagulation (Jackscn, 1987;.

In prothrombin éctivation, Caz+ alter the rate of
cleavage by both factor Xa and thrombin as well as meciate the
binding of prothrombin and factor Xa to the phospholipid
bilayer membrane surface (Papahadjopoulos et ai., 1964; Esnouf
and Jobin, 1965; Barton and Hanahan, 1869, Jackson gt al.,
1674; Nelsestuen and Broderius, 1977; Nelsestuen and Lim, 1977;

2+

Dombrose et al., 157%; Mayer et al., 1983}; Ca can also~

14
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affect factor Va subunit interactions (Esmon, 19795 Guinto and
Es;on, 1982).

The role of phospho]ipids.in the factor Xa cata]jzed
activation of prothrombin is to provide a negatively charged
polar surface for tﬁe assembly of)coagu1ation factors. The
presence of phospholipids in the reaction mixture causes a
decrease in Mighae]is-Mehten constant (En) of Lhe enzymic
action of fagctor Xa on prothrombin {Rosing et al., 1980;
Jackson, 1987). Consequently, the effect of phospholipids is

to deCrgﬁse the enzyme saturation requirement to that occurring

in plasma or conversely to increase the substrate concentration

-at the lipid surface,

The presence of factor Va in the prothrombin activation

reaction mixture leads to an increase in maximal velocity

(v

max)‘ i.e., factor Va can accelerate the enzymic action of

factor Xa on prothrombin, presumably by bringing the substrate
prothrombin towards the active sfte of the enzyme factor Xa
{Nesheim et al., 1979;\Egsing et al., 1980; Nesheim et al.,
1980). In addition, factors Va and Xa can form l:l
sfoichiometric calcium-dependent complexes, and the formation
of the complex is stimulated by acidic phospholipids (Nesheim
et al., 1979; Lindhout et 2l., 1982). However, factor Va'can

N
associate with membranes directly by interacting with the po1hr

- 15



head groups of the acidic phospholipids (Kandall et al., 1975;
van de Waart et al., 1983). ' . .-

" The enhancement effects of the various components of
the-prqthrombinase complex Pn prothrombin activation have-been
5umma}fzed by Jackson (1987). A comparison of the relative
rate-o% thrombin formation shows tha? the addition of

phosphoiipids to prothrombin, factor Xa and cal?

cdn increase
thrombin formation by 50-fold; whereas, the addition of factor

» Va to,the reaction mixture in the absence of phogph01ipid5 can
increase the rate of thrombin formation by 350-f03d.. The
combined effect of phospholipids and factor Va accelerate
thrombin formation by 20,000-fold, a value that approximates
the product 6f the individual enhancement effects of
phospholipids and fSctor Va. With factor Xa, platelets and
Ca2+, the enhancement effect on thrombinzeneration iz 30Q,000G-
fold. Thus, the assembly of the prothrambinase compiex brings
about efficient prothrombin activatiog. The iﬁte%relationship
of the components of the prothrombinase complex with
prothrombin is shawn in Fig. & {Jackson, 1937;.

~\

1.3. NATURAL INHIBITORS OF COAGULATION

4

for the maintenance of normal hemostasis, the series of

16
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Fig. 4
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A diagrammatic representation of interactions among
the tomponenté of the prothrombin activation complex
from-Jackson {1987;. -
Interactions:

(1} Factor Xa-prothrombin
(2) - Factor Xa-factor Va

(3) Prothrombin-factor Va . / .
{4) Factor Xa-CaE’-phospholipid membrane !
{5) Prothrombin-CaZ+~phosph01ipid membrane

(6)

Factor Va-phospholipid membrane.
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‘linked proteo]yt1c redctions in the coagu1at1on casca
11m1ted to the format1on of an extravascular hemostat1c plug. at .
the Sife of 1n3ury,_otherw1se.the deve]opment of an inittal - -
pdfﬁgfégic sEimu]ué ﬁax.]ead to vasﬁulér thrombus formation or
disseminated inE;ayascu1ar coagu1aﬁjoh;_75tudies of natural
.aﬁticoaguianf mechanisms indicate that, aside from mechanisms
that are inherent properttes o‘ the Lndothe11um and other cell
‘surfaces, plasma has a number of- ant1prote1nases that can
_inactivate specific act1va;ed coagulation factors under certain

conditions.

1.3.1. BIOCHEMICALLY CHARACTERIZED PROTEINS WHICH CAN ACT AS

INHIBITORS OF COAGULATION

&
Some of the known plasma proteins that can acts

inhibitors of-ac;ivated.coggulation factors, &t lesst in vitro,

are antithrombiv, 111, heparin cofactor 11, protein C, protein
LY .

S, x,-proteinase inhibitor, ~.-macroglcbulin, and {1 esterase

inhibitor of the complement system.

51.5.1.1. ANTITHROMBIN III AND HEPARIN COFACTOR 11l

At the turn of this century, Contejean ({1895) and

N
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others recognized that thrombin grédﬁaIly lost abfiVity wﬁén
added to defibrinated plasma or seruﬁgb On this basis, it was
thoug'ht that a specific inactivator of thrombin, antithrombin,
must be present in plasma under normal physiologic conditions.
Investigations of p1asma ant1thromb1n act1v1t1es 1ed to the‘
widely adopted class1f1cat10n of mechanisms responsible for
thrombin inhibition propose@ by Seegers et al. (1954;. .
Antithrombin 1 was defined as adsorption of thrombin on fibrin;
antithrombin If designated the plasma cofactor'required for
heparin's anticoagulant actien; antithrombin I!1 was empioyeﬁ
to describe the entity, present in p]asma‘and serum, which
neutralizes thrombin in a progressive fashign; aﬁd antithrombin
v ;;ferred to the antithrombin effects of diethyl

- ether-treated plasma. Although the. term antithrombin 1V was
proposed, 1t has never been demonsirated to be different from
antithrombin 111~ (Seegers gﬁ_gl., 1955, In the fd]iowing tws
years, the work of Monkhouse et al. {1935 and Waugh et al.
(1955) indicated that plasma antithromdin agtivity
(antithrombin I11i) and plasma heparin cofactor tantithrombin
1) are intimately related, and that heperifi acts to
acceterate, by 50- to 100-fold, the rate at which antithrombin
neutralizes thrombin in plasma. The isolation of the

antithrombin protein first by Abildgaard (196E,, then Rosenzerg
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‘and Damus (1972 ' firmed the relationship between ) .
antithrombin 111 and heparin. Antithrombin 111 neutralizes the
‘activity of thrﬁmb-n by formation of a very stable 1:1 _
stoichiometric complex{ The relative slow rate of EEE;T
<

formation is dramatically gccelerated in the presence of
heparin while the basic mechanism of complex formation is n
'_51tered by heparin. Antithrombin IIl has a wide s
antiproteinése activity, and in addition tothrombin it
inhibits the aS;Hvaied.coagu1atioﬁ factors Xlla, Xla, IXa, and
Xa (Damus gﬁ_él., 1973; Gitel and Wessler, 1975;.Rosenberg et
al., 1975; Stead et al.; 1976; Kurachi et al., 1976; Chan et
al., 1977). Only factbrAVIia activity is pooriy'neutra1ized by -
pntith;ombin 11 (Goda]igg_gl., 1974, Droze and Majerus, 1980Q).

The first family with congenital antithrombin 111 deficiency

was described in 1965 by Egeberg. The clinical manifestations

e — .

in most affected family members were recurrent venous
thromboses and pulmonary embolisms, Subsequenﬁiy, numeraus
additional antithrombin IIi deficienéy families with repeated .
thrombotic events have been reported (Rosenbery, 1987;. Thus,
éntithrombin Iﬁl‘p]ays a 5hjsiologic rele in‘the maintenance of
normal fluidity of circulating blood.

Recently, another plasma thrombin inhibitof,

antiggnically different from antithrombin III, was identified




ana purified (Briginshaw and ghanberge, 19;4; Tollefsen and
Blank, 1981; Tollefsen et al., 1982). It a1sd inhibits
;hrombin by forming a covalent 1:1 molar enzyme-inhibitor
comptex, but jt does not inhibit factor Xa. 'The rate of
inhibition of thrombin by this inhibitor is greatly enhanced in
the.presence of hepanin.and dgrmatan sul fate. Therefore,
Tollefsen et al. referred to it as hepar?n cofactor Ii. The
physiologic significanﬁe of this protein remains to be-
determined, altﬁough‘heparin cofactor Il deficiency associated
with thrombosis has been described in two families {Sie gt al.,
1985; Tran et al., 1985}. -

4 by

1.3.1.2. PROTEIN C AND PROTEIN S

hctivated protein C was first described in 1860 as

autoprothrombin 11-A, whereby the designation "A" w3as intended
Lo reflect its antiéoagu]ant properties (Mammen et ai., 1960,
Since this anticcagulant activity developed when preparations
of bovine prothrombin weré incubated with thrombin, Scegers and
his co-w.ckers assumed that it was derived from prothromdin.
However, a decade later, Marciniak {1972, 1972} showed.fha:
autoprothrombin II-A 95 not derived from prothrombin but is 3

separate protein. Then, in 1676, Stenflo described a

22
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presumably hitherto unknown vitamin K-dependent protein, which .
he named protein C, as it was the third peak isolated in his '
fractionation scheme.. No function was associated with protein
_ﬁ until . Seegers et al. {1976). showed that the protein.waJi%
immunologicalily fndigkiﬁguishable from autoprothrombin II-A.
Biochemical studies of protein C demonstrated that it
is a "serine proteinase zymogen, which can be converted to a
serine protéiﬁase, activated protein C, by-proteolytic cleaQage
of a pept}de bond at Arg,,-lle;g with concomitant release of a
tetradecapeptide -of 2,000 daltons molecular weight frog the
heavy chain (Stenflo, 1976; Kisiel et al., 1976; Kisiel et al.,
1977). Either thrombin, the purified factor X actiﬂ%tor from
Russell’s viper venom, or trypsin may catalyze this reacgion.
| — Initially, it was thought that the role of protein C in
hemostasis was not of major physiologic importance beéause of
the slow rate of .activation of protein C by thrombin ohserved
in in vitro experiments (Esmon et al., 1§35; Kisiel et al.,
1977). However, this view was reversed with theljdentification
and iso]atisprof‘a cofactor, named thraomnbomodulin, on the
" surface of endothelial cells. It was observed that
thrombomodulin increases thé rate of. thrombin-catalyzed
activation of protein € by more than 20,000-fold (Esmon and

Oﬁen, 1981; Esmon et al., 1982). It is of interest to note
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that the binding of thrombin to thrombomodulin brings about a 4

change in the substrate specificity of thrombin, i.e., this

binding inhibits thrombin-catalyzed fibrin formation and factor
1
V activation, while the activation of protein C is enhanced

{Esmon, 1987).- - B

Activated protein C has anticoagulant properties and

prolongs the activated partial thromboplastin time of normal

plasma by inactivating the coagulation factors Va and Villa

(Kisiel et al., 1977; Marlar et al., 1932). This inactivation
occurs as a result of proteolysis of factors Va and VIIIa’Ey;—

activated protein C (Walker et al., 1975; Vehar and Davie, '

" 1680; Canfield et al., 1982; Comp et al,, 1982; Su:ugi et al.,

o L . . . -
1683; Fulcher et al., 1933, 1In addition, the inactivation of

factors Va and Villa has been shown to proceed at a much faster
rate in the presence of phospholipids and CaCiz. Mor& recent
studies indicate that factor Va inactiyation by activated
protein C can be further enhanced by another vitamin

K-dependent ?rotein, protein S named after Swattie the city
where it wa; characterized initially (DiScipio er al., 1577,
Walker, 1980). Thus, it appears that the formation of a
multiprotein complex composed of activated protein {, protein

2+

S, phospholipids and Ca results in the maximal rate of factor

Va inactivation (wafker, 1980; Walker, 1981;.

——



Recent studies have established that homozygous protein
C-deffcieh;_patients develop purpura fulminans, a coagulation
diseasé which can be corrected with concentrates rich in
protein C (Esmon, 1987). 1In addition, studies of protein C
levels in normal individuals, patients with id{opathfc
thromboembolic disease, and patients with other physiologic and
clinical condition, as well as family studies of protein C
deficiency suggest .that deficiency of protein C is associated
with an increased tendency towards thrombosis (Gardiner and
Grfgfin, 1983). Thus, profein C may play a major physidﬂd@ih
role in the regulation of blood coagulation as part of a
thrombin-dependent feedback inhibition«{ coagulation pa’thways

{Esmon, 1987).

1.3.1.3. m;éROTEINASE INHIBITOR AND x,~MACROGLOBULIN

Plasma proteinase inhibitors, such as &, -proteinase
inhibitor and s, -macroglobulin have the capability of
inactivating some coa§u1a£ion factors in _vitro. «,-Proteinase
inhibitor inactivates thrombin, factor Xa, and kallikrein
{Seatty et al., 1980; Ellis et al., 1982; Schapira et ai.,

1981) w.-Macroglobulin also inactivates thrombin, factor Xa,

and kallikrein (Downing et al., 1978; Ellis et al., 1982;
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Harpe1,-1970‘. The exact role of these iﬁhibitors in vivo is-
not known. Patients ;{th a deficiency of i, -proteinase
inhibitor appea} to be susceptible to the*development of
pulmonary emphysema and hepatic cirrhosi; (Laurell and

Eriksson, 1963); and patients with o< ~macroglobulin deficiency'
~ have né clinical symptoms (Bergqvist and Nilsson, 1979).
Deficiéacy of these proteinase inhibitogs seems not to have an
abﬁormai effect on the hemostatic system and apparently is not

associjated with thromboembolic diseases.

"1.3.1.4. Cl ESTERASE INHIBITOR

Cl esterase inhibitor is named- for 1ts capacity to

- inhibit the first component ¢f the complement systen- (Ratnoff
and Lepow, 1957; Pensky g;_gl..‘l961). In addiftion, i
esterase inhibitor has been shown tu inhibit, in vitro, piassg
kallikrein, factor Xila and factor Xia (Ratnoff et al., 156%;
Gigli et al., 1970; Forbes et al., 1970; Schreiber gt «i.,
1973). Although Cl'esterase inhibitor is'recognized as a @ajor
inhibitor of the contact coagulation factors {(Cooper and
Cochrane, 1983; Salvesen et al., 1983; de Agostiai gt al.,
1984), congenital deficiency of Cl esterase inhibitor causes

angioneurctic edema with no abnormality in the hemostatic
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system (Donaldson and Evans, 1963). This apparent parqiox an
be related to. the observation that patients with facfsr X111
ﬁefici%gcy or prekallikrein deficiency do not show signs of
hemorrhagi¢c diathesis, and patients with factor XI deficie:iy
have a'rélatively mild bleeding tendency (Ratnoff and Saifo._
1879). Thus, the markedly prolonged partia?‘thromboplastin.
times observed from patients with contact-coagu1atio; factor
deficiency remain a laboratory curiosity and the physiologic
role o% Cl esterase inhibitor in hemostasis is uncertain.

¥

1.3.2. QTHER UNCHARACTERIZED COMPONENTS IN PLASMA OR SERUM

WHICH CAN ACT AS INHIBITORS OF COAGULATION

The existence of a factor or factors in serum which can

inhibit tissue factor initiated coagulation was demonstrated
- \
independently by Schneider {1947} and Thomzs.{1947,. Both used

an in vivo mouse assay system, based on the asility of

intravenous injections of placental tissue extracts tu kill
mice. Both observed that death caused by tissue factor could

be prevented by heparin or preincubation of the tissue factor

-

with serum. Thomas observed further that the inhibitory

activity appeared to be due to the combined effects of two '

i
factors in serum. The first component could be precipitated by
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(NH,),50, at 25% to 50% saturdtion, and could be inactivated by
| . . e : :

heating at 65°C for 30 min. The second component was
dialyzable, thermostable, and appeared to be calcium. These

LN

serum factors could be removed partially by absorption with ///f
tissue factor. Igterestingly, there was little evidence of
inhibifiqn of the thromboplastin activity of tissue factor by
serym when in vitro assay systems were uséd. Ih fact, the
incubation of thromoplastin with dilute serum and calcium
appeared to result in acceleration of clotting. Thus:lit
appears that the incubation of gbrum and tissue factor can
promote both procoagulant and anticoFgu1ant activities.

Since the in vivo experimental results of Schneider and
Thomas, a number of studies have been conducted to isulate and
characterize the inhibiggr. For example, Tocanting ahd Carroll
(1949) presented data to support the idea thék an inhibitor of
extrinsic pathway éxists in normal plasma. They isclated o
lipid inhibitor, thch they called antithromoplastin, from the
methanol-soluble, diethyl ether-soluble fraction of plasma.
This inhibitor af clotting, which apparen&]y acts as a
'thrombop]astin :E&égonist, can also be found in Cohn Fraction
IV (Tocantins ang Carroll, 1949).

Using a one-stage prothrombin time assay system,

Lanchantin and Ware (1953) observed that incubation oY serum,

\

% »
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tissue factor and CaCl, resulted in initial acceleration of
clotting time followed by inhibition of clotting. Further,
when BaSO4 adsorbed.seruﬁ was incubated with tissue facior and
CaC12, a marked inhibition of tissue factor activity was
épparent almost immediately. The inhibitor was heat-labile and
non-dialyzable, did. not adsorbd to BaSO4 and required Caz+ for
its iqpibitory activity. This inhibitor was also present in
plasma except‘the inhibitory effect was somewhat masked by
procoagulant activities {Lanchantin and-Ware,.1953). i
The results of others regarding the presence of an
inhibitor in serum was inve§£igated by Hjort in 1957. Up?n

studying the inhibifory effects of.both’532+ adsorbed and
unadsorbed sera, Hjort concluded that there was & heat-labile,
non-dialyzable, Ca2+-dependent factor present in BaSOa-adsorbed
serum, which could inactivate factor VIla, but not tissue
facfor and factor VII. In addition, he observed that
unadsorbed serum co;id inactivate both factor Viia and tissue
%acto;? The rates of inactivation of factor VIia and tissue
iacpor by unadsorbed serum were the same. However, adsorbed
serum could inactivate factor VIIa at a faster rate than
unadsorbed serum. The reason for the difference between the

inactivation rates in adsorbed and unadsorbed serz wa2s not

explained. It is impossible to determine, from the results of

-
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. qurt*s study, whethef bariﬁh sul fate absorption was removing
@rocoagﬁ1ants oniy or a combination éf procoag&lants and
anticoagulants. o

From the brief Tiferqturé review presented in the
preceding paragraphs, it is apparent.thatkthere is good
evidence to support the notian that there is/are factor(s),
present in plasma or serum, which can inhibit tissue facter
initiated coagulation. However, it is difficult to éonceive
the nature and mode af action of the inhibitory ‘substances from

"':> the- resuTts of work performed between 1949 and 1857. The major

"
reason for.this d1fff€:_ty is due to the complexity of the
coagulation cascade; inhibition studies cannot be performed
effectively without purified matefia]s. Hence, investigations
on this topic practically haited for the next 25 years‘as mds:
researchers in the field of thrdmbosis and hemostasis were
taken up with purification and characterization of ccagulation
factors. With most coagulation factors purified'tu
homogeneity, researchers are now better able to reinvestigate
the subject of inhibitors of coagulation.

The concept that a 11}ﬁd component could exert an
inhibitory effect on coagu]au1on was reexamined with purified
coagulation factors by Carson {1981). He reported that high- -

»
density lipoprotein preparations could inhibit'the activation



in a 2-stage radiometric assay system. This result provided

of tritiated factor X by purified factor VII and tissue factor

' . .
the firs evidence that 1ipid could inhibit'tissue factor
initiated-c&bgflation in a purified prdtein system.

| However, the complexity of the inhibitbry mechanism
soon unfolded as Dahl et al., (1982) using an amidolytic assay
system with tissue facto}, purified coaéu]ation factors VII and
X observed that ghé‘$nhibitor;“effect of normal pliasma or serum
on the test system was caused by more than one single entity.
For example, antithrombin illlaccounted for only 33% of the
inhibitory effect of normal plasma or serum-on the test'system.
In addition, they demonstrated that upon separation of -

-

BGSOQ-adsorbed plasma into 3 protein peaks.according to

- molecular size, al) of which contained inhibitory activities

different from antithrombin II1l; and an;ilhrombin Il accounted
for onl{ 50% of the inhibitor; activity of the third peak:

Finaii}, in the last 2 years,va series of studies on
inhibition of extﬁjnsic péthway of coagulation were published
by 3 groups. Rapaport's group first réported that inhibition
of ti§5ue factor-factor VIIla activity required factor X and ad‘
additional plasmae component présent in the lipoprotein fraction
(Sanders et al., 1985). In a subsequent study, they

demonstrated that the simultaneous presence of an apoprotein

T



preparation rich in apolipoprotein Al, active factor Xa, and
Ca?*Were required to inhibit the activity of factor
Vlia-tissue factor complex in an activation peptide aﬁsax using
tritiated-factor IX as substrate (Rao and Rapaport, 1987;.
Since the inhibition of factor Vlla-tissue factor was
reversible, they suggested that the extrinsic pathway inhib{t;r
in the apoprotein preparation exerted its inhibitory effect via
binding to a factor VIIa-tissue factor complex- formed in the
presence of factor Xa and not thrbugh degradation of factor
VIiIa by factor Xa.  The requirements f Ca3+. catalytically
ac;ive factor Xa, and a factor in plasma gr se;um for tissuu
factor inh¥yTThgn were confirmed by both Broze and Miletich
(1987} and Hubbard and Jennings (1986 using clotting assays. -—
Hubbard and Jennings (1987) further proposed that
apo]ipoproteih B {in low density lipoprotein, is more important
than apolipoprotein A {in high density lipoprotein! in
effecting factor Xa assdciated inhibition of tissue
N

factor-factor Vila complex. However, the mechenism of
inhibition caused by the activated coagulation factors and the
lipoproteins was not entirely clear.

In summary, in 1847, Schneider and-Thomas demonstirated

independently that prior incubation of tissue factor with scrum

could prevent tissue factor-induced death in mice. Subseguent



experiments in vitro revealed'thét inhibition of Fissue factor
activity involve at least a multi-component syétem involving
Ca24, lipoproteins, factor Xa, factor VIla and tissue factor.
The precise mechanfsm of interactipns in this system remains-to
be elucidated. Ih-édditipn, experiments to investigate and. |

establish the in vivo inhibitory effects of these and other

- components are still to be performed.



1.4 OBJECTIVES o A | ’

The initial objective of this thesis was to identify -
and characterize the components and mechanisms for inhibiting

factor VII/VIia activity. In the process of preparing an

inhibitor.of the extrinsic pathway of coagulation, an inhibitor

of both the extrinsic and intrinsic pathways of coagu]étion Was

“isolated. Thig inhibitor was identified as prothrombin F1.2,

which could prolong both the prothrombin time and the activated

-

partial thromboplastin time. Thus, the p?imar;-objectivg of
this thesis was broadened to-investigate the anticoagulant and
— - ‘
antithrombotic activities of prothrombin F1.2. The experiments
described id.tﬁis thesis Qeke therefore direcied towerds
£ developing a simple and efficient method for.
‘ ‘purification of prothrombin F1.2 from plasmg
(i1} ~ characterizing the antﬁcoagulanz activit, of
prothrombin F1.2 in ncrmal plasme
. (ii11) comparing the anticoagulant activity of
prothrombin Fl.2 in defibrinated plasma to its
activity in a pur%fied coagultation fgctor system
(iv) determining the antithrombotic activity of
prothrombin F1.2 in an in vivo mouse assay

system

o Wi,
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CHAPTER 2
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* MATERIALS AND METHODS

2.1. MATERIALS
Units of fresh frozen plasmi {pilasma prepared from
whole blood and processed to .the frozem state within 12 h of
coliection), §tored plasma (plasma obtajﬁed from‘wh61q blood
ther 234 h étorage at.4%c), and cryo-poor plasma (supernant
plasma after cLyoprecipitate productiOn} were col]e;teq aﬁd
prepared by the Cana@ian Red Cross Societ;,.ﬁlood Transfusion
Serﬁice, Ham{1ton Centre and Torontd Cen;re.
‘ The human'Féctor 1X Complexes were produced for the -
' Canadiap,Red Cross Society, Blood Transfusion Service b}_
_Connauéht Laboratories Ltd., Toronto, Ontaric. Pouled normai
plasma and congenital factor'VII deficient plasma Qe;u obtainbd
from George King Bio-Medicai, Overland Paru, Kansas. ‘
Thromborel $ [OUHP 35, a lyophilized lipid-rich extract
from human,p1acentas} containing 12.5 mM CazT, 45 o source of
tissue factor for prothrombin time assays) was obtainéd from
Behring Canada, Moﬁtrea1, Quebec. Thromoplastin {rabbit brain

acetone powder as a source of tissue factor for prothrombin

3
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‘time assays) was purchased from Sigma Chemical Compaqz, St.
Louis,_Mfssauri. Activated partié1 thromboplastin reagent
- {rabbit brain hhospho1ipids with micronized silica és
activatof) were purchased from Gene}ai Diagnostics, .Toronto,
Oﬁt?rio. Eepha]in 66 ug organic phosphate/mbL}, a.chlqroform
ext}act of ‘human brain acetone powdere was prepared a;%%fding
to the‘pfacedure of Bell and Alton (1954). |

Arvin was obtained from Connaught Laboraﬁories Ltd.,
Toronto, Ontario.  One unit of defibrinogenating enzyme
‘c0rresponds to quantity of enzyme which under standard
conditions, defined as 37°C, pH 7.3, produces clotting of d.l
m. of a.0.3% bovine fibrinogen'so1ution within 240 £ 23 s.

Human = -thrombin {preparation number 301 poéséssed
2290 g/L of protein, 2,543 kiloclotting units/g, ancd an act%ve-
sise concentration of 1.08 x 10'4 1y, and bovine faﬁtor Va .
(0.58 mg/mL) were generously supplied by Ors. J. W. Fenton II,
Albany, New York, and {. Esmon, Oklahomg City, Oklahoma,
respectively. One clotting unit is that ambunt éf thrombin
required to clot 1 ml of a 3.0 g/L standard fibrinogen solution
“at 379 in 15 5. |

Human factor Xa and thrombin {2,000 kiloclotting

. units/g) were obtained from Interhematol Inc., Hamilton,

'Ontario.
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3-2222, henzyloxycarbonyl-Ile-Glu-Gly-Arg

p-nitroanilide, a chromogénic substrate for factor Xa; 5-2233;

D-Phe-pipecolyl-Arg p-nitroanilide, a chromogenic substrate for

thrombin; $-2251, H-D-Val-leu-Lys p-nitroanilide
dihydroch{oride, a chromogenic substrate for plasmin; $-2302,
H-D-Pro-Phe-Arg R-hitroaniiidé dihydrochloride, a chromogeic
substrate for plasma kallikrein; plasmin andlka11ikreiﬂ were
obtained from Maynard'gcientif{c, Toronto, Ontario.
DEAE-Sepharose, DEAE-Sephadex A-SO,'§ephacryi 5-200, »
CNBr-activatéd-Sepharose 4B, and benzdmidine-Seﬁﬂarose Qere

e

purchased from Pharmacia (Canada) Ltd., Montreal, Quebec.

37

Cibacron blue F3GA agarosﬁ\:as obtained from Pierce, Rockford,

I1linois. Ultrogel AcA 44 'was purchased from Fisher
Scientific, Don Mills, Ontario. DEAZ-celliulose DE-5I was
purchased from Mandel Scientific, Rockwood, Ontarioc.

Sodium dodecyl sulfi}e, acrylamide, ammonium
persul fate, N,N‘-me;hy]ene-bis-acrylamfde, 2-mercaptoethanol,
TEMED, Coomassie brilliant blue R-250, bromopheno{ Stue and
molecular weight standards were purchased from éio-Rad
Labdratories, Missisauga, Ontario.

Bovine serum albumin [A-7511, essentially fatty acid

freé), protein A-élka[ine phosphatase conjugate, benzamidine,

soybean trypsin inhibitor (Type 1-S;, carbodiimide {C2388,, and



Tris(hydrpxymethyl)aminoméfhane (Tris), diisohropy]
'f1uorophosphate, hypoxanthine, aminopterin, and thymidine were
~ purchased from Sigma Chemical Company, St. L0uis? Mi;sou;i.
| Percine mucosal heparin (150 USP units/mg) was obtained

from Diosynth BV, Oss, The Netherlands. The USP unit of
Hepariﬁ is the quéntity that .will prevent 1.0 mL of citrated
sheep p}asma from clotting for 1 h after the addition of 0.2 mL
~of 2 1.0% CaC'I2 solution. . ’

1gG fractions of rabbit anti-human IgM and anti-whole
human serum were purchased frgm Cappe!,‘Divis%on of Cooper
Biomedica]s; Ma1§ern, Pennsylvania.

YM-10 ultrafiltration membranes were purchased from
Anicon Canada Ltd. Qakville, Ontario. -

Other chemicals, analytical reagent grade, were -
puréhased?from BDH Chemicals Lanada Limited, Toronto, Ontario.
‘Balb/c mice and CDl mice obtained from MclMaster
University Animal Quarters, Hamilton, Ontario. Goats were

obtained from JD Biologicals, Maple, Ontario.

. <
2.2. PREPARATION OF FACTOR VII AND VIIa

Factor VII used in the preparation of murine moncclonal

antibodies to factor VII was prepared from human fresh frozen
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plasma according to the héthod of Broze.and Majerus (1981) in
Fig. 5. |

Brief1y; 20 L of citrated plasma, to which. 156 ¢
benzamidine and 500 mg of soybean tryspin inhibitor had been
added, was precipitated with the.addition of 1L of 1.0 M

BaC12. The barium citrate precipitate collected by

- centrifugation at 3,000 g for 15 min was washed twice with 6 L
of 0.2 M NaC1-0.05 M Tris-HC1 {pH 8.3)-0.01 M benzamidine, and
theﬁ’resuspended in 3 F of 0.15 M sodium citrate-0.1 M Tris-HC]
{pH 8.3)-0;02 M benzamidine and 25 mg/L soybean -trypsin
inhibitor. The mixture was stirred for 60 miﬁ to elute the
adsorbed proteins and £he barium citrate removed by
centrifugation at:3,000 g for 30 min. ) -

The supernatant solution, prepared from barium citratc’
absorption and elution, was precipitated by the addition of
{NH4)2SO4 [25% saturation) and the precipitate removed by
centrifugation at 6,500 g for 20 min. The supernatant solution

rwas made up to 65% {NH4)2504 saturation; and the precipitate,
lcol1ected by centrifugation if 8,500 g for 30 min, was
resuspended in 300 mL of 0.2 M EDTA-0.1 M 'Tris-HCl (pti
8.3)-0.02 M benzamidine and 25 mg/L soybean trypsin inhibitor..

After dialysis of the (H34)2304 precipitaied material

against 0.05 M Tris-HC1 (pH 7.5}-0.02 M benzamidine end removal

39



Citrated plasma

.

v
barium citrate absorption and elution

-

@

W

- % 25-65% ammoniun sulfate precipitation

: DEAE-Sepharose chromatOQ}aphy
, !
QAE-Sephadex chrumatography

v ,
AcA 44 chromatography

Purification scheme for factor VII according

to the method of Broze and g?jerus (1681 ;.

(93]
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of the precipﬁtate formed during dialysis Ey centrifugation at
8,500 ¢ for 10 min, the solution was-abplied to a

| DEAE-Sepharose column (5 x 35 cm), equilibrated in 0.05 M
Tris-HC1 (pH 7.5)-0.02 M benzam{dine. The column was washed
with'1 L of the same buffer and then eluted with a & L-linear
grédien; from 0 to 0.5 M NaCl in 0.05 M Tris-HC1 (pH 7.5)-0.07 =
M benzamidine. The fractions containing factor VII were poo]eﬂ
and the solution was diluted with 50 mM Tris-HC1 at pi 7.5 and
20 mM benzamidine to a-d‘just the conductivity to that of 0.15 M.
NéC] with 50 mM Tris-HC1 at pH 7.5 and 20 mM benzamidine.

Six mg of soybean trypsin inhibitor was added to the
factor VI1 pool which was eluted from the DEA@-Sepharose
column. The solution was applied to a GAE-Sephadex column (2.5
x 15 cm; equilibrated in 0.15 M Nall with 50 mM Tris-Hll at pH
7.5 and 2C mM benzamidine, T#E column was washed with 150 ml
of the same buffer and faﬁtor VII was eluted with & mMl CaC]:‘
in 50 mM Tris-HC1 at pH 7.5 and 20 mM benzamidine. The factor
VII eluted was collected in 12.5 mM neutralized EDTA and
concentrated to 2 mL in an Amicon concentrator with 5 ¥M-10
membrane.

The factor VII concentrate, prepared from QAL-Sephadex
column chromatography, was applied to & AcA Sjrholumn (1.5 » 9%

cm) equilibrated in $.15 M NaCl, containing 20 mM sodium
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- phosphate (pH 7.0), 5 mM benzamidine and 1 mM EDTA. The column
was washed with the same buffer anq.the fractions contéining '.
factor V11 were pooled, concentrated to about 0.5 mg/mL and
stored at -70°C. |

Factor VII used in the preparation of goat pdlyc1ona1
antibodies to factor VIl and other expeEiments described'fn
this thesis was prepared by first preparing the 25 to 65%
(NH4}2504 precipitated material as described in the previous
paraéraphs. However, the dialyzed (NH,) 550, precipitated
material was app1}éd to a monoclonal anti-factor VIf Sgpharose
column {1.6 x 60 cm)} instead of DEAE-Sepharose. The monocional

anti-factor VII Sepharose column was equilibrated in 0.5 M

-

- -

NaCl, containinghso mM Tris-HC1 at pH 7.5 anc 20 mM
benzamidine. After application of the protein solution, the
column was washed with 500 mL of the same buffer and then

factor V11 was eluted with 200 mL of 0.1M sodium citrate (pH

-~

3.5). The eluate, 8 mL per fraction, was collacted inte tubes
cont&+ﬁingfﬁié“mL of 1.0 M Tris;HC1 {pH 8;5)-3.2 M benzamidine.
The protein fractions were poo1ed‘and dialyzed against 30 mM
Tris-HC1 at pH 7;5 and 20 mM benzamidine for 12 h with 3
changes of dialysis buffer of 4 L each.

The dialyzed material, after monoclonal anti-factor VII

Sepharose column chromatography, was applied to an anti-IigM

- -



Sepharose column (1.0 x 15 cm) equilibrated in 50 mM Tris-HC
{pH f.Sj and 20 mM ben;amidine. The éoTumn was washed wiph‘the‘
same buffer and the_ﬁnadsorbéd protein collected was aﬁp1ied to
an anti-whole human serum Sepharose cqlumn (1.6 x 607cm}
_ equilibratgd in 0.05 M Tris-HC1 and 20 mM bénéamidine (pH 7.5).
The column was washed with the same buffer, unadsorbed brdtein.
purified factor VII, were pooled, concentrated to 6.5 mg/mL
(Amicon YM-10) and stored -at -703t1*\\

Féﬁfor Vila was prgpat;d from stored human plasma as
descrMed previously far preparation of factor VII using
affinity chromatography .except the use of benzamidine and

soybéan trypsin inhibitor was omitted in al steps.

2.3. PREPARATION OF MURINE MONOCLONAL ANTIBODY. TO HUMAN
FACTOR VII ' ' |

The strategy used in the production ¢f monoclonal

\
antibody was that reported by Kohler ¢n

Milstein (1975;.
_Briefly, BALB/c mice were injectec subcutaneously with 50 ug of
human factor VII {prepared by themethod described in Section

A

2.2.)9n 0.5 mL saline mixed with an cqual volume of Freund's

complete adjuvant, followed by two additional weekl; injections

of 50 ug .each in Freund's incomplete adjuvant. The presence of

-
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g Qanfi-chtor VII antipbdy Qas'detected using an enZyme imﬁuno

" assay {Section 2.4.). The mouse with the. Nighest antibody

=

level was used for fusioh.' Three days before fusion, the mouse
was injected inuéégfritoné£11y'with,an addiiioqal 100 ug of
factor VI with no adjuvant. ) -

. ‘On the day of cell fusion, the spleen from ;Hef

immunized mouse was removed asceptically and washed with

serum7¢ree Iscoves Modified Dulbecco's Medium (IMDM). A 15 to

. 20 mL cell suspension was made by mincing the'sp1een through &

sterile steel screen. The cell suspension was centrifuged at
,

250 g for 10 min at room temperature. The spleen celis were

treated for 5 min with 2 mL of NH4C? solution, contafning 0.8_§';

Ni,Cl, 0.1 g KHCOy, and 0.1 mM Na,£0TA (pH 7.1) in 100 L to
lyse the red ceils. The cell s;spension_was then made up to 12
“mL with serum-free IMDM; and 10 ulL was used to assess the cell
density on a Coulter Counter Model S. Myeloma P3-NS 1 cells,
in exponential growth phase, sdspendediin serum-free IMDM was
counted on a Coulter Counter Model S. The volumes of both
Sp]een_cel] and myeloma cell suspensions were adjusted to give

7

10% spleen cells and 107 myeloma cells each in 2 mL. Equal

volumes of each cell suspension were combined. The mixture was .

centrifuged at 250 g for 10 min and the supernatant solution

removed. Then, 0.5 mL fusion sglution [0.25 mL
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dimethylsu1f0;1d%, 2.75‘mL IMDM, 2.0 mL pelyethfehg g]yc61
1,000 initiated to pH 7.4 with 7% NaHCO,) was added slowly over
1 min, with agjfation to thé Toosened cell peliet. The tube
;onta?hiﬁg the teil suspension was p1aEed into a 37°¢C wateé.
bath and swirled for 1 min. Ten mL serum-free IMDM was added
.'slowly oﬁeq 2'min,‘to the cell suspension. The tube was then
pTaceﬁ at rbom tg@perature for 5 min, followed by .
centrifugation at 200 g for 10 min. The cell pellet was éentiy
‘ resuspended {n ld mL serum-free IMDM and centrifuged at 200 g
for 10 miﬁ. The ce11§ were reSuspgnded'jn the HAT selection
medium (IMDM containing 10% fetal calf serum, 10% penicillin
;trgptomycin,'and 2% HAT) at a concentration of 105 myeloma
cells/mL aﬁd plated into 96.Qe11-p1ates with 0.2 mL per well.

The plates' were incubated in a CO, incubator.
[ .

Growth of hybrid cells was evident after 10 to 15 days
; .
incubation, as the.medium turned yellow. The supernatant

solutions Qere screened for antibodies to faztor VII uiin; an
enzyme immuno assay f(Section 2.4.;. Cells sccreting antibodics
tO‘faCtOﬁ VII were then cloned by limiting dilution.

For production of ]érge quantities of monoclonal
antibody, BALB/c mice were primed with 0.5 mL of pgistane
administered 2 Qeeks prior to intraperitoneal injection of 106

hybrid cells in 0.1 mL. Tumor growth was evident in about 2 to
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3 weeks, then the mice were'killed and the ascites fluid, about

5 ml per-mouse,:was drained from the peritoneum,

2.4. ENZYME IMMUNO ASSAY FOR.DETECTION OF MURINE ANTIBUDY;TO
HUMAN FACTOR VII

Sera from mice immunized with human factor VII or
Eultdre supernatants from hybridoma cell lines were as§ayed"%or
antibody to factqt V1i based on the enzyme imnuno assay of
Cerskus et al. (1985}. Polyvinyl chloride microté®re plates
were activated with 200 ulL of carbodiimide (10 mg/mL in Q.1 M
sodium carbonate buffer, pH 9.6) per well. After overniéht
incubation at 4°C the wells were washed with PﬁS-Tween 10.05%
Tween 20 in 0.15 M NaCl, 0.1 M phosphate, pH 7.4).° The wells
were coated with 200 pl purified factor Vil 500 n3/well) Sy
incubation at 37°C for 1 h anﬂ washed. The following additions
were made sequentiale,‘eaqh incubated ¢t 37°C For : h and then
washed : 200 plL of mouse serum or hybridome supernatant or
fcites fluid or 1.0% bovine serum albumin in PSS-Tween for
blank wells; 50 pul of rabbit anti-mﬁuse IgG; 200 pL of protein
A-alkaline phosphatase conjugate. Finally, 200 uwl of

p-nitrophenyl phosphate (1.5 mg/mL) was added, incubated for 1

h at 37°C and the reaction stopped by the further addition of

v -
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20 pL of 5 N NaOH. The plates were:read at 405 rm on a
Titertek Multiscan plate reader.. Dilutions yfe]diné.absorbance
readings 0.2 absorbance units above the blank wells were used*
to determine the titres of antibody in {he serum or ascites

fluid.

2.5. PREPARATION OF POLYCLONAL ANTIQDDIES

For the production of antibodies to human factor VI
and prothrombin F1.2, goats were immunized with 500 ug ofl
puri%ied protein in saline mi#ed-wifﬁ ¢n equal volume of
Freund's complete adjuvant. The same immuniiation‘dose Was
used‘tﬁic; at two week intervals after the iniiia] imaunization
to booster the production of antibcdies. Blood was collected
weeks later. Tﬁe presence of antibody égainst the specific
antigen was assessed by double diffusion in agarusz (Section
2.13.).

AN
.2.6. PREPARATION OF Ig6 FRACTION OF MONOCLONAL AND POLYCLONAL

ANTIBODIES

-

I1gG fraction of murine monocional anti-factor Vil was

prepared from ascites fluid from mice, in which hybridoma cells.
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were gfown ag-aécites tumors (Cerskus et-al., 1985).' About 5
to 7'mL of ascites flqid was:obtained from eaé%_m§use,‘and'
centrifuged at 10,000 g for 3 miﬁ, The-Supernétant so]uf{on
rwas épp1ied to\a 5 mL column of protein A-Sepharose pﬁeviqusly\
-eQui1{brated with 0.1 M phosphate buffer (pH 8.0). The column
was then é]uted suceegsively with 40 mL'egch‘of‘O.l M- sodium
citrate {pH 6.0); 0.1 ¥ sodium citraté (pH 4.5); and 0.1 M

- sodium citraﬁe'(pH 325). Fractions were monitored for the
‘presence of anti-Tactor VII antibody by enzyme immuno assay,
and anti-facter VII was observed in the 0.1 M sodium citrate
(pH 3.5) eluate. The fractions conta1nxug ant1-factor Vi1 were
.pooled, dia1yied overnight against 3 changes of 4 L of Q.1 M
NOHC03 buffer {pH 8.3) containing 0.5 M NaCl and kept frozen at
-30°c.

Thé IgG fraction of goat polycional anti-factor VII was
oprepared according to the method published by Pharmacia Fine
Chemicals., Briefly, 25 mL of goat antiserum was made to 50%
saturation with the addition of (\H ) SO4 - The precipitate
gbtained by centr1fugat10n at 8, 000 g for 30 min was dissolved
in an ethylened1am1ne buffer (3.2 mL etherned1aﬂ1ne and 4.2 mlL
glacial acetic acid in 1 L, pH 7.0, ionic strength of 0.1 M}.
The protein solution was dia]yzed against 4 changes of 4 L of

ethylenediamine buffer.



The' d1a1yzed solution, after (N ¢)2504 prec{pitétion;.
was applled to a co1umn of 100 mL of QAE-Sephadex A~50
equ11brated w1th the same buffer. The same ethylenedtam1ne
buffer was used to elute the goat {gG from tﬁe Column; The
eluted goat anti-factor VII was_ﬁob]ed, dialyzed against 3
changes -of 4 Lof G.1 M NaHC03rbuffer \PH 8.2) gé;taiﬁing_b.s M
NaCl and kept frozen at -30%C. The QAE-Séph;dex A-SO was
regenerated w1th an acetate buffer conta1n1ng 14.9 mb of
glacial acetic acid and 10.6 g of sod1um acetate in 1 L (pH
4.0, .ionic strength O.i.M).

w

2.7. PREPARATION OF GROUP SPECIFIC’ SEPHAROSE

1gG fractions of murine monoclonal anti-factor VII,

goat polyclonal anti-factor VII, goat anti-human IgM, and goat

anti-whole human serum were coupled to CN3r-activated Supharose

48 by the method described by Phérmécia Fine Chemicals.

- The required amount o% freezé—dried CNEr-activated
Sepharose 43 was swollen {1 g freeze-dried powder gives about
3.5 mL of gel) for 15 min in 1 mM HCl and washed on a G2 |
porosity sintergd glass filter with the same buffer. A total
of about 200 mL/g dry gel was washed through in several
aliquots. The gel was then washed with coupling buffer {5 mL/g

’



,‘dry gel) and immedfate1y transferred to the protein Solupioﬁ;in

coupling buffer. 0.1 M NaHCO, (pH 8.3) containing 0.5 M NaCl
was used as the coupling.buffer, and about 5 mg protein was -

used for each mL of gel in a gei to buffer ratio of 1:2. The

-protein-gel suspension.was mixed in & end-over-end mixer

‘overnight at 49C. The proteyn splution was removed by

-centrifugation at 500 g for 19 min. The gel was transferred to

0.2 M glyine, pH 8.0"and mixed for 16 h at 4°C. The gel was
then washed alternatively with 0.5 M NéC]Vbuffered with 0.1 M
acetate buffer at pH 4.0 and coupling buffer four or five
times.. The specific prqtein-Sepharose conjugaté Was stored at

39¢.

-

2.8. INITIAL ISOLATION AND CHARACTERIZATION OF PROTHROMBIN
' FRAGMENT: 1.2

A simpie over;iew of the steps involved in initial
isolation of prothrombin F1.2 is‘shoﬁn in Fig. 6., .
| Ten L of ;ryo-boor humah_p]asma was absorbed with 400 g
DEAE-cellulose {DE-52) by mixing for 2 h and overnight settling

at 4°C. The mixture was centrifuged at 5,000 g for 20 min, and

supernant plasma discarded. The DEAE-cellulose was washed

twice with 500 mL 0.03 M citrate buffer (pH 6.8); and adsorbed

"
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Cryo-poor plasma

l

DEAE-cellulose batch absorption and elution

l

goat anti-factor V11 Sepharose ch?oﬁatography_

|

unadsorbed protein

: k.

barium citrate absorption and elution

| A

40-60% ammonium sulfate pregipitation

.

DEAE-Sepharose chromatogiﬁphy o

Sephacryl $-200 chromatography

Fig. 6 Initial isolation of prothrombin fragment l.Z.
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Drdteins were eluted ‘with 500 mL 0.5 M NaCl buffered with 0.01

M sodium phosphate buffer at pH 7.0. The eluted material was
dialyzed overnight against 3 changes of 4 L 0.15 M NaCl dnd 50
mM Tris-HCT at pH 7.5. ' ]

The protein solution, oétained froh DzAE~-cellulose

absorption and elution, was applied to a cd1umn of goat

anti-factor VII Sepharose (2.6 x 35 cm) equilibrated in 0.15 M .

NaCl buffered with 50 mM Trjs;HC1 at pH 7.5. The unadsorbed
protein was pooled and tested in a p}othrbmbin time assay
system to assess the clotting time coapared to a buffer
control.

Sodium citrate (8.9 g) was added to tke unadsorded
protein pool which. djd.not aQSOrbed to thg goat anti-factor VII
.Sepharose column. This was followed by dropwise addi:ien of 60
mL of 1.C M BaCi2 to the protein pool. The mixturs was stirred
for 1 h. The barium citrate precipitate was collected by
centrifugation at 3,000 g for 15 min. The precipitate was
washed twice with 500 mL.of 0.2 M.NaC1 buffered with 50 mM
Tris-HC1 at pH 8.5, and resuspended in 500 mL of 0.15 M sodium
Citrate bﬁffered with 0.5 M Tris—gc1 at pH §.5. The ﬁixturé
was stirred for 1 h to elute adsorbed proteins, and the barium
citrate removed by centrifugation at 3,000 g for 30 min.

After barium citrate absofption and elution, (NH4}2304

~



N

£

LN

was added to bring the ;o1ution £o 40% saturation, and the
prec{pitaté removed by centrifugation at 6,500 g for 20 min;
'(NH4)2504 was-aﬁded slowly to the supernant solution to take,
the (NH4)2504 concentration to 60% saturation. The precipitate
was collected by centrifugation at 8,500 g for 30 min,
resuspended in 0.05 M Tris buffered with HC1.at p 7.5, and
dialyzed against the same buffer with 2 Ehanges of diaEysis

buffer of 4 L each. g

*

The dialyzed material, obtained after (Ni,),S0,

LN

precipitation, was applied to a DEAE-Sepharose'column (2.6 x

[eV)
[

cm) equiiibrated with 0.05 M Tris-HC1 at pi 7.3. The column
was washed with 300 mL of the equilibrating buffer dn.d then
eluted with 1,500 mL-linear gradient from 0 t3 5.5 M 5aCl in 50
mM Tris-HGl at pH 7.5. 'The fractions were tested in.;
prothrombin time assay system to assess the clotting time
compared to a buffer control. Fractions (25 ;o 95,, which gave
a prolonged clotting time were poolecd, aﬁ: dialyszed againot :
changes of 0.15 M NaCl buffered with 50 mM Tris-HCl ;t pHLF .5
of 4L each.J . |
The dialyzed material, obtained after DEAD-Sepharose
column chromatography, was concentrated to £.0 mL and applied

to a column {2.6 x 35 cm) of Sephacel $-200 in 0.i5 M Nall-50

.mM Tris-HC1 at pH 7.5. The fractions were tested in a

53



'prothromb{n time assay'sys:em, and fractions'(ZB.to 32) which
gave a prolonged cIotting time were pooied and stored at ;30°C.

The purified proteih was dia1yzed overnighi'against 2
changes of 4 L of‘d%stm_ed deionized water.
Ultracentrifugation was performed with a Beckman Model E
Analytical Ultracentrifuge with UV.optics at 280 nm and 20°C.
Amino acid analysis was performed, after 20-h hydrolysis with
5.7 N HCI at 107°C in evacuated tubes, using a Beckman 120C

Amino Acid Analyzer. Sequencing was performed with an Applied

Biosystems Model 470A Gas Phase Secuenator coupled to a Mode!

120 PTH Amino Acid Analyzer. Amino acid analysis, sequencing,

rand ultracentrifugation were performed by Max Slum and Charles

——

Yu of University of Toronto, Toronto, Ontario,

2.9. PREPARATION AND CHARACTERIZATION OF PROTHROMBIN FRAGMENT

1.2

A simp{e f10wcha?t for the preparaticn of prothrombin
F1.2 is shown in Fig. 7.

Stored plasma, typically 4'L was warmed to 37°C in a
glass beaker. The bTasma was converted to serum by the
Eddition of 40 mL of a 1.0 M Cac{z sclution. Fibrin fornation

was apparent within 15 min after the addition of CaCl,. The
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Stored plasma + calcium chloride

l

serum + heparin + benzamidine + sodium citrate + barium chloride

l

barium citrate eluate

!

30-60% ammonium sulfate precipitation

: | l

DEAE-Sepharose chromatography

l

Benzamidine-Sepharose chromatography

l

Cibagron Blue-agarose chrumatography

.

4
Fig. 7 Purification scheme for protprombin fragment i.C.
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plasma was allowed fo clot and the clot was wound with a glass
rod. Small strands of fibrin, if present were reﬁoved by
centrifugation at 3,000 g for 5 min. .

At 2 h after the addition'of Caé1é, 4,000 units of
heparin was added to thelserum to enhance the inactivation of
thrombin by antithrombin III. Following the addition of
heparin, 31.2 g benzamidine (0.05 M) were added to inhibit
activation of residual coagulation factors and activities of
residual activated coagu]atﬁon factors present in the serum.
The serum was transférred to the cold room and all subsequent
steps were performed at 3%¢.

Sodium citrate (35.3 g; was then added to the serum
followed by dropwise addition of 230 mL of 1.0 M BaC]z. The

mixture was stirred for a total of 1 'h. The barium citrate

-

-

precipitate was collected by centrifugation at S;OGO g for 15
min and the supernatant serum decanted. The précipitate was
washed twice with'l L of 0.2 M NaCi-0.05 M Tris-HC1 (pH <
§.5}-0.02 W benzamidine, and then resuspended in ¥ L of 0.15 M
_sodium citrate-0.05 M Tris-HC1 {pH 8.5) containing 0.02 M
benzamidine. The mixture was stirred for 60 min o elute
adsorbed proteins, and the barium citrate removed by
centrifugation at 3,000 g for 30 min.

After barium citrate absorption and elution,- (NH,),S0
~ b

J

a



(123 g) was added to the supernatant solution (700 mk) §1dw1y

with stirring (30%-saturation), and the precipitate rémoved by -

centrifugation'at 3,500 g for_éo min. An additional 145 g of
,(NHq)ésoa was added slowly to.the supernatant solution {730 mL)
with stirring (60% saturation). Thé precipitate was collected
by cenfrifugatisn at 8,500 g for 30 min, resuspended in 3.1 M
NaC]-Q,OS M Tris-HCY1 {(pH 7.5)-0.02 M Eenzamidine; and dia]yzeq
aga%nst the same buffer for 12 h with 3 changes of dialysis

-

buffer of 4 L each. The precipitate developed during dialyéis
wés removed by centri%Léation at 8,500'9 for 10 min.

The dialyzed material, after (RH,},S0, precipitution,
Was appi%ed to. a DEAE-Sepharose column (2.6 x 35 c&)
eQUilibraied with .1 M NaCl, 30 =M Tris-HIV at pH 7.0, and' 20
mM benzamidfne, at a flow rate of 35 ml/h. The column was
washed with 300 mL of the equilibrating puffer and then eluted
with 1 L-linear gradient from 0.1 to $.3 M Rall containing 0.0%
M Tris-HC) at pH 7.5 and 0.02 X penzanidine., Protnrombin T1.2
" was detected by dOub]& diffusion in agarose gel w{th 4 goat
antibody, and eluted at an ionic streagth of about 0.25 M NaCt.
Thg fractions (52 to 58, containing Fl.2 were pooled and
_ dialyzed against § changes ¢f 90 min intervals of 4 L of 0.0% M
%ris-HC] at pH 7.5.

The dialyzed material, obtained from DEAL-Sepharose

-
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column_chrométogfaphy,,was applied to a benzami¢ine75epharose

coiumn'(l.s X 28 cm) equilibrated with 0.05M Tris-HCl at pH

7.5. The unadsorbed protein was pooled and abp1ied'tp'é

Cibqéron Blue-agarose ;olumn (1.5 x 28';m) equilibrated. with
0.05 M fris-HC]‘at pH 7.5; fhg ﬁnad;orbed protein was.poo1ed
and dialyzed against 4.changes at 6-h intervals of 4 L of 6.15
M NaC1-0.05 M Tris-HCY (pH 7.5). The dééi&zed material was
kept frozen<at_-30°C. |

Amino acid analysis, aming acjd sequence and
u]tracentrifuéatfon ﬁere performed as described in the previous
sactiﬁn 2.8.

Expériments to assess amidolytic activities of Fl.Z and
effects of F1.2 on amidolyfic §ctivities of factor Xa and
tnrombin Lere performed with different ¢hromogenic subStrates.

[ 3

In experiments to assgis amidolytic activities, 9.5 mL of a 2
mg/mL F1.2 solution was added tc 0.5 mi cnromsgenic substrate
(1 mM S-2222, §-2238, $-2251, or $-2302). Positive controls
were set up by adding 0.5 mL of 20 pg/mL.factor Xa, 20 pg/mL
thrombin, 25 casein units/mL plasmin and 0.6 units/mL

kallikrein to 0.5 mL 1 mM $-2222, $-2238, $-2251, and $-2302,

respéctively. Negative controls were set up by adding 0.5 mL

‘Tris-buffered saline.to 0.5 mL of ! mM chromogenic substrates,

After 24 h incubation at 37°C, the reaction mixtures were fead



L

against their respective negative controls as blanks in &

Gilford spectrophotometerh In experiments to assess effect of

F1.2 on amidolytic activity of factqr Xa, reaction mixtures

‘were made up of 150 u® of factor Xa (3.6 ug/mL) and 150 pL of

F1.2 (2 mg/mL) or Tris-buffered saline and 500 pL of 1 mM
5-2222. After 1 min incubatfon at 37°C, 200 pL of 50% dJeetic
acid was agded to -each reaction mixture. The absorbance at 305
nm for each reaction mixture was réad in ¢ Gilford Response
speét}ophotometér. In experiments to assess effect of F1.2 on
amido’lyticg.ctivity of thrombin, reac‘gion mixtﬁres wore made up
of 150 ulL of thrombin {50 pmole active site thnombih/mL} and
150 L of F1.2-{2 Tgigy( or Tris-buffered saline and 500 pl of

500 uM $-2238. After l-min incubation at 379C, 200 ul of 50:

-

acetic acid was added to each reaction mixture. Thne absorbance

at 405 nm for each reacticn mixture «as read in a Gilford

_ Response shectrophotometer.

2.10. PREPARATION OF HUMAN PROTHROMBIN AND FACTOR X

Human brothrombin and factge X were prepared from
Factor IX Complex {supplied by Connaught Laboratories; as
»

described by Modi et al. (1984), Fig. 8. ~

Briefly, 9 vials 0f human Factor 1X Complex were
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Tl L Factor IX Complex

40-65. ammonium sulfate precipitation

'

DEAZ-Sephadex A-50 chromatography

l

‘ Dextran sulfate-Sepharose chronatography
s N
| : 0.15 M NaCl eluate -0.3-0.5 M wNa O0 eluate
v N
. - DEAZ-Sephadex A-50 shezarin-Sepnarose
chromatography chromatography )
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dissﬁlved'in 500 mL of a buffer contairing 0.025 M sodium
citrate IpH B.d), 1.0 mM DIP-F, 10 mM benzamidine, soybean
trypsin inhjb%tor (10 mg/L) and ﬁeparin {1,000 units/L}. After
stirring for 13 min, the soiutidn was brought to 0L saturation
with the addition of (NH4)2504. The precipitate was removed by
tentrifugation at 5,000 g for ZQrmin. ‘The supernatant so]utiqn
" was then brought to 65% saturation with addition of (NH4)230:_'

The precipitate cotlected by centrifugation at 5,000 g for 20 .

min was dissolved in 50 mL of 25 mM citrate (pH 6.0} gontaimng

1 mM DIP-F, and 10 mM benzamidine and dialyzed overnight

"againét % changes of the citrate solution. After removing the
precipitate by centrifugation at 8,000 g for 10 min, the

T
dialyzed material was applied to a DEAL-Sephadex A-337 culumn
<

(2.5 x 35 cm) equilibrated in the citrate buffer.  The column
was washed with 1 L of the same buffer containing 0.1 M Xali.
. . - - - N
Protein was eluted with 800 mL of 2 linedr gradient of C.0 to
0.6 M NaCl in the equilibrating citrate duffer. The fractions
containing prothrombin and factor X were pooled and dia’yzed
against two changes of & L of 0.014 M sodium citrate at pi 7.4
- L - . v
containing 10 mM benzamidine and 0.5 mM DIP-F.°
The dialyzed material, obtained after DiAL-Sephadex

cotumn chromatography, was app]iéd to a Jextran

sulfate-Sepharose column (2.5 x 35 cm; eguilibrated in 0.Ql4 M
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éod{um citrate at pH 7.4'containing 10 mM benzamidine and 0.5
mM DIP-F. The column was washed with 150 mL of the same buffer
contdining 0.1 M NaCl, and prothrombin was eluted with 500 mL
of the same buffer cohtaining b.lS M NaCl. Other proteins were
eluted with 600 mL of a linear gradient of 0.15 to 0.7 M HaCl
in the equilibrating citrate buffer. Factor X eluted at C.% to
0.5 M NaCl.

The fractions containing prothrombin were pjo]ed and

'dia1yzed overnight against 2 changes of 0.025 M sodyjum citrate

at pH 6.0 containing 0.5 mM DIP-F and 2 mM benzamidine. The
dialyzed material was agpliéd to' a second DEAE-Séphadex A-50
column (2.5 x 35 c¢m) equilibrated with the citrate solution.
Prothrombin was separated }rom other p;oteins by eluting with

500 mL of & linear gradient from 0.05 to 0.6 M Nall in the same

buffer. The fractions containing purified prothromdin were

-

-

pﬁoled, dia]&zed against 3 changes of & L each of Tris-?uffered
saline and stored in 507 §1ycer01 at -20%. |

The fractiong containing factor X eluted from the
dextran sulfate-Sepharose column‘weré'poo1ed and dialyzed
overnight againsp 2 changes of 0.05 M NaCl conteining 0.05 M
Tris-HC1 at pH 7.45 and 2 mM benzamidine. After dialysis,
CaC‘n2 was added to the dialyzed material to a Call,

concentration of 1 mM. The solution was applied to. a

62
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: heparin-Sepharbée'co]uﬁn (1;6 x 8.5 cm) equflibrated with 50 mM
NaCl contaihing 50°mM Tris-HC1 at pH 7.45, Z.mM benzamidipe,
and 1 mM CaC12_ The column was wéshed with 30 mL of the same
buffer. Factor X was eluted by the application of 300 aL
linear gradient from 0.2 to 0.7 M Nall in 1 mM CaCl, buffered
with 50 mM Tris~-HC1 (pH 7.45)-contafnfng 2 mM benzamidine. The
.fractions containing factor X wére pooied, dialyzed against 3
-changes of 4 L each of Tris—buffergg saline and stored in 50%

glycerol at -20°C.

2.11. PREPARATION OF DEFIBRINATED PLASMA

In order to eliminate clotting of plasma subscduent to
the activation of fa:{or X or prothrombin, podied normal plasmu
was defibrinated with 0.15 units of Arvin per wml cf plasma.
This was aécomp]ished by the addition.of £ ul of Arvin (27
units/ml) to 1.0 mL of plasma. Subsequent te the addition of
Arvin, the plasma was allowed to clot for 1C min at 37°C. Tne
clot was removed wifh a2 wooden applicator stick and the sample
was reincubated for 3 min. Any residual fibrin clot was
similarly removed, and wisps of fibrin were removed by
centrifugation at 5,000 g for 2 min. The defiorinate¢ plesme

was stored at 49C and used within 60 min. MNo further clotting
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of the plasma was observed Enﬁing-its use.

- B 3

2.12. SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS

SDS-polyacrylamide gel electrophoresis was performed in
discontinuous polyacrylamide gels composed of an upper stacking
gel -of 4% acrylamide and a lower réso]ving gel of 12%
acrylamide. The gels were prepared in the buffer system of
Laemmli (1970). The 4% stacking gel was prepared by mixing
12.2 mL of water, 5.0 mL of 0.5 M Tris-HC1, pH 6.8, 0.2 mL of
10% (w/v) SOS solution, 2.6 aL of 30% (w/v)
aCrylamide/bisécry]amide solution, 0.1 mL-of 105 (w/v) ammonium
persul fate solution, and 0.02 mlL of TEMED. The 123 resolving
gel was ﬁrepared by mixing 33.5 mL of water, 25.0 ml of 1.5 M
Tris-HC?!, pH 8.8, 1.0 mL of 10% fw/v) SDS solution, 40.0 mL of
30% (w/v) acfyiamide/bisacry]amide solution, 0.2 mL of 10%
{(w/v) ammonium ﬁer5u1fate, and 0.05 mL of TEMED.

Pratein samples for electrophoresis were mixed Qith an
equal volume of sample buffer‘containing 0.125 M Tris-HC1 at pH

6.8, 4% (w/v) of SDS, and 20% {(v/v) of giycerol. The mixture

-

-

was heated for 3 min in 2 boiling waterbath, ghd afterwards
képt on ice until applied to the wells for electrophoresis,

The same procedure was-used for electrophoresis of reduced



ﬁrotein53 except-aﬁ additiomel 10% (v/v) of 2-mercaptoethanol
was present in the sample buffer. i

E]ectrobhoresis was performed in I.5-mm thick, 16-cm-
wide, 16-cm long gels in a 8io-Rad Protean 11 slab cell |
e1ectropho?esis apparatus. Electrode buffer containing 3.0 g/L
of Tris, 18.4 g/L of glycine, and 1.0 g/L of SD3 at pH 8.3 was
used to fill both the upper and' lower chgmbersl Thg;ge{s were

.é}ectrophoresed under constant current conditions at 25 mA per
gel with‘a Bio-Rad Model 500/200 power supply unit.

After electrophoresis ;sr 5 h, the gels we;e stained
for 1 h with 0.1% Coomassie 8lue R-250 in 4C. (v/v) methanol
and 10% (v/v) acetic acid. The gels were destained for, 12 h
with 405 {v/v) methanol and 109 (v/v) acet}c acid in a Bio-Had

. Model 556 gel destainer to remove background.

2.13. . IMMUNOELECTROPHORESIS AND IMMUNODIFFUSION

j The method of Grabar and Nillfamg (1855 was used for.

immunoelectrophoresis in 1.0% agarose. The vuffer was Larbitel

-

buffer at pH 8.6, and joni¢ strength 0.075 M (3.0

W

5,5-diethylbarbituric acid and 15.5 g 5,5-diethyl-sodium
barbiturate in 1.0 L water). Electrophoresis was pefformed at

10 volts/cm for 1 h. Antibody troughs were cut and filled with

)

§
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100 ul of antiserum. After development in a humidified chamber

at room temperature for 16 h, plates were washed for-zd h-with
two changes of 0.9% HaCl and 8 h in water. The plates were
stained for 10 min with 0.1% amidoblack in 40% (v/vT methano]
and 10% (v/v) acetic acia, the dest&in solution was méde up of
40% {v/v; methanol "and 10% {v/v) acetic acid.

Immuhudiffusion was performed according to the m%thod
of‘chhterlony (1968} in 1.0% agarose in barbital buffer at pH
8.5 and ionic strength 0.075 M. Double diffusion was allowed
_to procéed for 16 h in a humidified chamber at-room
temperature. Plates were washéd, stained; and destained as

described for immunoelectrophoresis.

2.14. IN VITRO ASSAYS

& .

.2.14.1. PROTHROMBIN TIME

.Clotting time for tissue factor initiated coagulation
was determined with a BBL fibrometer. 75 ul of pooled normeal
plasma and 75 ul of F1.2 or Tris-buffered saline were incubated
at 37°C. After 3 min incubation, 150 p1‘of préwarmed
Thrombore! S was added, and the clotting time recorded.

Different contentrations of F1.2 were obtained by dilution with
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Tris-buffered saline. For experiments invo vingd different
dilutions of plasma, the dilutions were performed with
Tris-buffered saline. Thromborel S was diluted with 12.5 mi

CaCl, for experiments involving different concentrations of

tissue factor.

Fars 2N

2.14.2. ACTIVATED PARTIAL THROMBOPLASTIN TIME

Clotting timé for coaédlation initiated with activatéd
partial thromboplastin reagent wag determined with a BBL
fibrometer. The asséy was performed by first incubé;ing 100 pL
of pooled normal plasma‘and 100 pb of F1.2 or Tris-puffered
saline with 100 ul of activated partial throﬁbop?astih reagent
for 3 min at 379C, and coagulation was started with the .
addition of 100 pL of prewarmed 25 mM CgClz_ |

- N »

2.14.3. ASSAY OF INHIBITION OF TISSUE FACTOR AG%IVITY

Particulate tissue factor was pﬁeﬁéreh from Si%md
rabbit brain thromboplastin as follows : The Egntent of I viel
of thromboplastin {40 mg rabbit brain acetone powder) was
reconstituted with 2.0 mL of Tris-buffered.safﬁne containing 2%

mM EDTA. The content of the vial was cent-ifuged for 10 min in



an Eppendﬁrf microcentrifuge Model 5414. lThe pe11et-obtainéd
was washed 4 times with 2.0 mL of Tris-ﬁdffered saline
containing 25 M EDTA, 5 times with 2.0 mL of Tris-buffered
saline without EDTA, and 2 times with Tris-buffered saline
containing 3 mM CaClZZ The washed tissue factor pellet was
resuspended in 2.0 al of Tris-buffered saline containing 3 mM
CaC]Z, . o
Dia1yzed_defibrinéfed piasma was prepared by dia1y2jgg
citrated plasma overnight'against Tris-buffered saline, and
defibrinated with Arvin as described in Section 2.11:
- The effect of various components on tissue factor
activity was assessed by first incubating at 37%, 125 pL of
washed tissue factor suspended in 3 mM CaC'l2 in Tris-buffered .
saline with 125 uL of (i) Fl.2, (i) F1.2 and factor V1la,
(iii) Fl.2, factor VIla and factor‘fa, (v} Tris-buffered
saline, {v) Tris-buffered saline and factor VIla, [vi} |
Tris-buffered saline, factor Vila and factor Xa, (vii) didlyzed
defibrinated plasma. The total volume of the incubation '
mixture was maiﬁtained at 250 plL with Tris-buffered saline, and
the concentration of CaC]2 kept at 1.5 mM. The concenlrations
of F1.2, factor VIla and :hctor Xa when present in the reaction

- mixtures were 50 pg/mL, 50 ng/mlL, and 1.5 pg/mL respectively.

Then after 1 h incubation at 37°C, 1.0 mL of Tris-buffered

~
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saline containing 1.5 mM CaC12 was added to each reaction
‘mixture, and fhe miitukes were centrifuged in an Eppendorf
ﬁicrocentrifuge Model 5414 for 10 min. Each tissue féctor
pellet was resuspended in 250 pl 0f_12.5.mM CaClZ_ VThe tissue
factor activity of each pellet was assayed by determining ﬁhe‘
clotting time of 0.2 mL rqsuspended pellet aﬁd 0.1 mL pooled

normal plasma.

2.14.4. AMIDOLYTIC ASSAY FOR FACTOR X ACTIVATION

L

The amidolytic assay for the generation of factor Xa

using the chromogenic substrate $-2222 in-defibrinated p]asmas

" and in purified protein system was a pddification of the method
. e e

from Hultin {personal communication):f?fris—buf?ered seline

- -
containing 0.1 mg/mL of bovine seruw albumin $?§Tu;cd as a
_diluent for the purified ‘proteins and as the buffer referred in
this study. A supernatang solution prepared hy centrifugation
of Thromborel S af 10,00@ g for 15 min was used a5 tissue
factor. )

In the defitrinated plasma system, 53 ul of
defibrinated plasma, 50 pl of factor X (50 pé/mL) and 50 pt of
buffer or F1.Z2 (365 pg/mL) were incubatgg'in @ 12 x 75-mm

plastic tube at 379C. After 5 min incubation, 50 pL of tissue

- <
P
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factor also preincubated at 37%C for 5 min was added. Then, at
specific times, 50 uL of 0.15 M neutralized EDTA was added, and
the tube-was placed on ice.

In the purified protein system, 50 uL of factor VIla -3

. upg/mL), 50 pL of tissue factor, and 50 ulL of buffer or F1.2

(365 pQ/mL} were incubéted ina 12 x 75-mm plastic tube at
379C. After 5 min incubation, 50 pL of factor X {50 pg/mL)
also preincubated at 379C for 5 min was~added. At specific
times, 50 uL of 0.15 M neutralized EDTA was added, and the tube
w;s.p1aced on ice. | .

The amount of factor Xa produced in either the
defibrinated plasma or pur;fied protejn sysiem was quantitated
by the amidolysis of S-2222 by factor Xa at 405 nm. This was
accoTplished by subsampling 200 pL of the factor X rea:;ion
mixtures into microcuvettes positiored in 2 Gilford Respdnse
spectrophotometer equipped with & thermal heatins cuvette
assembly set at 37°C. The cuvettes contained 200 gL of 1 mM”
$-2222. The cuvettes and thefr contents had been preincubated
at 37°C for 5 min before the addition of the factor X reaction
mixtures. The initial rate éhange was determined from change
in absorbance at 405 nm moritored over 2 min. The

concentration of factor Xa generated in the reaction mixture -

was calculated from' initial rate change obtained with known

70
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concentrations of purified factor Xa determined under the same
condition as described abgve. For example, the initial rate
change as§ocia;ed with 1 nM of burified facﬁor.Xa was 0.02
absorbance unit.ih 1 min. This was determined by'samp1ing 200
ul from a mixture'containing 200 pl of 1 nM factor Xa and 50 ul

of 0.15'M neutralized EDTA into 200 ul of 1 mM $5-2222.

2.14.5. ASSAY OF ACTIVATION OF PROTHROMBIN IN DEFIBRINATED

PLASMA

The activation of plasma prothrombin-in_defibrinatcd,
plasma was quantitated by assessing the amidojytic~activity of
" thrombin on chromogenic substrate $5-2238 in a 2-stage assa;.'
For assessment of thrombin genération via the extrinsic
pathway, 100 pul of defibrinated plasme was added to 100 u. of
Tris-buffered saline or 10C uL of F1.2 dilutions in ¢ 12 x 73-
amn plastic tube incubated at STOCJ__ingL_g 3-min ingubation,
106 pL Thromborel S also preincubated at 379C for 3 min wes
added. Then at specific times, 50 pl of reaction mixture was

subsampled into a plastic tube, containing 200 Ll 5 mM

a .

For assessment of thrombin generation vic intrinsic

neutralized EDTA in an ice bath.

pathway, 100 ul ¢f defibrimated plasma and 50 ul of activatec
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partial thromboplastin reagent were added to 100 uL of
Tris-buffered saline or 100 pL of F1.2 dilutions in'a 1 '
mm piastic_tube at 379C. After 3 min incubation; 50 ﬁL%E:\ijL
o CaCl, also preincubated at 37°C for 3 min was added. At
specific times, 50 ﬁL of react{on mixture was subsampled intd a
plastic tube, containing 200 uL of 5 mM neutralized EDTAvin an
jce bath.

The amount of thrombin generated by either the
extrinsic %r intrinsic pathway was guantitated by the
amidolysis of $-2238 by thrombin at 305 nm. This was
accomplished by subsqmpliné 25 ul of EDTA-reaction mixture inta
}75 ul of 200 uM 5-2238 prewarmed at 37°C for 3 min. Then at
exactly 1 min after the addition of the EDTA-reaction mixture, -
200 pL of 50% acetic acid was added and the tube was placed on
ice. The absorbances at 405 nm were read with a Gilford
Response spectrophotometer using the samples at time zera vor
reference blank. The cqncentration of thrombin deneréféd in
the reaction mixture was calculated from'the change in
absorbance at 405 nm obtained with known active site
concentrations of thrombin determined under the same <ondition
as descfibed_ipwve.A For example, with puriff?d.thrombin, the
change in absorbance at 305 nm obtained with 100 n¥ of thrombin

was 0.03. This was determined by sampiing 25 gl from a mixture

»
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_containing 50 uL.of 100 nM thrombin and 200 uL of 5 mM
neutralized EDTA into 775 pL of 200 pM S-2238 at 37°C and
addition of 200 pl of 50% acetic acid.at.lmin. _

2.14.6. ASSAY OF PROTHROMBIN ACTIVATION IN PURIFIED PROTEIN |

SYSTEM

Prothrombin activation i

2 pur}fied pgdte}n SYyStem was
examined at different conc ntrajiohs of F1.2 in.a 2-stage
amido1ytié assay using chEOmOQEnié substrate $-2233. Mixtures
of factor Xa with EaClz, factor Va and Xa with Canz; factor Xa
with phospholipid and_CaCTz, or factor.Va; Xa with phosphoi{pid -
and Call, were incubated at 37°C.w;th F1.2 ar Tris-pufferéﬁ
sa1ine cont;infng 0.1 mg/mL of bdvfne seru albumin.-
Tris-buffered saline containing €.1 mg/mL of bovinu Scﬁumt

albumin was used as a diluent and the reac;

*ion mixtures were
made up to 190 uL. Afte?jq's-m%n incubation, pfothrohbin
éctiyation was started by;fhe éd&ition of 10 ui of 20 pH-
prothrombin. Then at épecific.tjmes, 25 ul of reaction micture
waﬁ SUb;a%pled info 2 p]asticltube containing 30 wl ¢f 5 mM
$-2238, 200 uL of 10 mM neutralized EDTA end 335 pl of

Tris-buffered saline containing 0.1 mg/mi of puvine serum.

albumin prewarmed to 37°C for 3 min. AU 80 § after thne

K



addition of 25 pl reactio;ahixture‘;o §-2238 containing EDTA,
hydroTysis.é} $-2238 was stpred.b}-:adition of 200 pL of 50%.
acetie ‘acid; and the absorbance at 405lﬁm was read in a Gilford,
Respon§e.spectrophotometer. The concentratﬁoﬁ of thrombin \
jgenqraied in the reaction mi}ture wads-calculated from the.
. changg_in absorbaﬁceﬂat‘405 nm obtained Qith known éctiveqsitg'
‘,concéntratibns ofﬁth;ombin.determinéd under thé same condition
'aézaﬁkcr{Béd anove. FDF éxamp1e, iﬁ Wa's Jetefmined that the
ab;orbance atﬁ405 nm‘obtained with'IOO nM of purified thrombin
inl m{nute was 0.15. This was determi&éd by adding 25 pL of
100 nM thrombin to a 37°¢ prewa;med mixture containing 30 pl of
50 mM S-2238, 200 uL of 10 mM neutralized EDTA and 545 pl of
_Tris-buffered sa?ine.withoo.l mg/mL of bovine serum albumin,
and subsequent addition-of 200 uL of 507 acetic acid at 60 s.
-

- ~
2.15. 1IN VIVO ANTITHROMBOTIC EXPERIMENTS

€Dl mice were anesthetized individually by placing thnem
for 2 to 4 minl in a glass container containing cotton balls
soaked in diethyl ether.: The slightly drowsy mouse waS tak%n
out of the container and its tail soaked for 30 s in lukewarm

water to expand the tail vein. For each experiment, 0.2 mL of

test material was injected intravenously into the taii vein of



. [ -
the mouse. The concentration of test material was-adjusted

e —

with'O.;S M NaCl to maintain a‘tota) injection volume of 0.2

*

mL. The end point of each experiment was death of mouse within

5 min.

R ——

)]
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RESULTS

3.1. INITIAL IDENTIFICATION OF PROTAROMBIN FRAGMENT 1.2 AS Aﬁ

INHIBITOR OF COAGULATION

In a p}eliminary_experiment (Methods section 2.8.) to
isolate an inhibitor of the extrinsic pathway ofg;;;gulation,-
‘DEAE-céi1ulgse was added to ‘cryo-poor piasma for batch -
adsorpﬁjon and g1ution. Adsorbed and eluted proteins,
rélatively free of albumin and immunogiobulins when compared
with plasma, were selected as the sourge‘materiaT for-
fractionation. Throughout the fraction;tion scﬁeme,'inhibitor
activity was monitdored by the one-stage prothrombim time assay”
system [Methods section 2.14.1.), in wh}ch thé clotting time
obtailfed with pooled normal plasma, tissue factor, and i$t12 in
the presenge of fractionated material was compared to that of a
“buffer contnoi.l‘Since factor VI is one o;—the constituents in
the fraction eluted from DEAE-cellulose the presence of
additional factor VII may interfere with the detection of an
extrinsic pathway inhibitor. Therefore, factor VII was removed

. . Y
from the DEAE-cellulose fraction by affinity chromatography

\
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' was then subjected to DEAE-Sepharose chromatography with an

-~
.-
—

with a goat polyclonal anti-human factor VII-Sepharose column.
shen tested-in a prothrombin time assay system with factor VII

deficient p1a§ma, the unadsorbed protein fractions had less

*than 1% factor VII activity. This factor VII-dep]efed material

from the column was found to possess inhibitory activity as it
pro1ongéd éhe prothrombin time of poolec normal plasﬁé by 3 s —
ebmpared'to % Suffer control (i.e.-lsls compared to 15 s).
Further purification of this inhibitory materia] was achdeved . , -

bx barium citrate adsorption-and elution followed by (NH4)2304

precipitation. The 40 to 60% (NHS}OSOA seecipitated material

increasing NaCl'gradient. The elution profile i3 shown in Fig.

G, and the inﬁibitory mEteria] was found 2t the latter half of

the large protein peék, eluting at 0.25 ¥ NaCl. The fractions
containing inhibitory activity was pooled and applied to a

Sepnipel $-20C column. Results e%-gel filtration through

Sephacel $-200 is shown in Fig. 10. Of the 3 protein peaks
’obtained,,on1y the last peak, which was homogeneous on
$0SZpafyacrylamide ée] electrophoresis (Fig. 11}, contained
inhigitor activity. A goat was immunized with the inhibitor;

and a single }émunoprecipitin line was observed iqﬂ . B /
immunoglectrophores%s of the antigen and antibody (Figh 125

Amino-terminal amino acid sequence cf the first 30 residues of
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-—

Ion Exchange chromatography on DEAE;Sepharpse. -The

material after (NH,),S0, pretipitation was applied p

to a column (2.6 x 35 cm) of DEAE-Sepharose. The -
column was washed with 300 mL 0.05 M Tris-HCW pH
7.5). Protein was elutéd.from the column with a -
linear §radient from 0 to 0.5 M NaCl in 0.05 M
Tris-HCl (pH 7.5} over 1500 mL. Fractions.(8 mL)
were coljected at a flow rate of 120 ﬁL/hh
Inhibito ‘~materi§1, determined by prolongation of

clotting
assay.systém, eluted at the latter half of the large---
protein peak (fractions 85 to §5; x—x. Absorbance

at 280’pm { — ). '

concentration determined by chloride titration

ime of normal plasma in a prothromdin time

Mmolar sodium chidride . .

(0--0). \
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:Fig. 10 Gel filtration on Sephacryl '5-200. “The material
atter elution from DEAE-Sepharose was concentrated
to 6-mL and applied to a column (2.5 x 35 cm) of

-‘}ﬂhacryl $-200. Fr;ctioné (3 mL} were collected at
a flow rate of 20 mL/h. -Inhibitory material,
determined by prolongation of cliotting time of
normal plasma in a prothrombin time assay system,
;e'luted at the last protein peak {fractions 23 to 32;
x—x). Absorbance at 280 nm ( — ;.

- -
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s ' .
SDS-polyacrylamide gel electrophoresis of initial

-preparatiqn of prothrombin F1.2 in Tris-buffer

system of Laemmli (4%.stacking gel, 12% separating
gel). Lanes 1 and 2 were molecular weight standards
and 30 ug protein respectjve]y before\rqugxion with
Z2-mercaptoethanol., Lanes 3 and 4§ weré‘30,h§fbrotein
and molecular weight standards repectively after
reduction with 2-mercaptoetﬁanoi. \ﬁoleéular weight
standards weretphosphory1ase B8 (%2,500;, bovine
serum albumin (66,200), ovalbumin 5,000, cardonic
anhydrase (31,000}, soybean, trypsin inhibitor
(21.500), and lysozyme {14.400]. . -
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Immunoelectroelectrophoresis of initial preparation

~of prothrombin F1.2 and goat antibody. Normal human

plasma in upper well and Fl.2 in Jower well.
N\
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- /
the inhibitor and the apparent molecular weight on
SDQ-ponacry]amide-ge] electrophoresis Suggested that the

inaavertently activated during the isolation procedure and

_was prothrombin F1.2 (Table 1). Thus, prothrombin was

preliminary resuits suggested that prothrombin F1.2 possesses

-

anticoagulant activity.

86



Table I Amino-terminal amino acid sequence of purified
prothrombin fragment 1.2 in. this study.

1 ' 5 10
Ala Asn Thr Phe Les { } 0 Yval Arg Lys
11 15 ) , 20
Gly Asn teu () Arg ( )¢ yoval { )R )
21 25 30
The (" )Y Ser Tyr { Y { . Ale. Phe [ ) Ala

8lank spaces { ) -represent amino acid residues (e.g.
gamma-carboxyglutamic acid and cysteine) which could not be
identified on the Sequenator. Based on the known sequence of
human prothrombin, positions 6, 7, 13, 1l&, 1¢, 20, 2%, 2€, and
28 are gamma-carboxyglutamic acid; and positions 17 and 22 are
cysteine {Mann et al., 1981,. '

)
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3.2. ISOLATION AND CHARACTERIZATION OF PROTHROMBIN

FRAGMENT 1.2

Subsequent to the iﬁitia1 experiment (Sections 2.8. and
3.1.), a method for the prepa(ation of'prothrombin F1.2 from U
freshly clotted ﬁ]asma was developed (Methods section 2.9.;.

Routinely 25 mg of prothrombin F1.2 was obtained from 4

_ ———

J—

L of stored plasﬁa. This corféspbnds to an approuximate yield.
df 7% from starting pooled human plasma (Tabie II}). In this

S \ purjficétion_ﬁrdcedure, the plasma was clotted by
recalcification. Heparin was added to the serum before

.- fractionation to énﬁance ipdctivation of éhrombin and prevent
degradation‘of F1.2 to F1 and F2. InéTusiOn of benzamidine ih‘”
the early stages of the fractionatioh/scheme furtner prevented
occurrence of ffagment 1 and fragment Z as contaminants 1n the
final product. Subseqdent barium citréte adsorption and-
elutiom Tollowed by 30 to 60% (NHq)éSD4 precipitation was an
effective means=of-separating vitamin K-dependent coagulation _‘_
factors and 2 from other proteins in seruﬁ. The elution |
prafile of DZi;:gepharose-co1umn chromatography is shown in

Fid. 13. Fi1.2 eluted as the major protein peak from the

DEAE-Sepharose column and represented approximately 85% of, the



\
Table II° Recovery of prothrombiﬁ F.2.

L | © st

Prothrombin concentration
- in starting plasma 178

-

Theoretical F1.2 concentration
{assuming prothrombin conversion

to F1.2 was 100% and that F1.2 - .89
represents half of the prothrombin
molecule)}

-~

_Recovery = 5.25/89 x 100% = 7%

83




" Elution pattérn of prothrombin Fl.2 from

DEAE-Sepharose. The material after {NHQ)ZSO4

precipitation was applied to a column {2.6 x 35 cm) —

of DEAE-Sepharose. The column was washed with 300
mL 0.1 M NaCl in 0.05 M Tris-HCI! at pH 7.5
containing 0.02 M benzamidine. Protein was eluted
from the column with a linear gradient froa 0.1 to
0.5 M NaCl in 0.05 M Tris-HCl at pH 7.5 containing
0.02 M Qeﬁzamidine over 1.0 L. Fractions (8 mL)
were collected at a flow rate of 120 mi/h.
Prothrombin Fl.2, determined by double diffusion
with antibody developed against Fl.2, eluted under

the largest protein peak (fractions 52 to 58; x—x;.

AZSO was determined on samples diluted 10-fold from
which the AZSO of a 10-fold dilution of the elution

buffer was subtracted. Absorpanze at 280 nin { — .

Molar NaCl concentration determined by chloride
titration (0--0)

90
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protein'fn thatlfraction as judged b} po1yacry1$mide gel. _
e1gctropﬁoresis in godium dodecy!l SuLfate.jFig. 14). The
remaining qontaﬁinants, activated coagulétion fgctors and
higher mo1gcu1ar weight material, were removed By

henzamidine-Sepharose and CibaC{on Blue-agarose column .

chromatography respectively. ' .

The purified preparation of F1.2 was without detectable

amidolytic activity on the following chromogenic substrates:

$-2222, §-2238, $-2251, and $-2302, upon testing at a .protein’

*

concentration of 1.0 g/L for 23 h at 37°C. _ In addition, Fl.2

did not inhibit amidolytic activities of thrombin and factor Xa

on their respective chromogenic substrates (Table III); The

~
-~

purified prgparation of F1.Z was homogeneous by
ultracentrifugation {Fig. 15} and g]ect;ébhoresis in—‘
polyacrylamide gels Eont&ining sodiun dodecyl sulfate (Fig.
16). The sedimentatign coefficient w%s 2.15 5. A single
palypeptide chain, as determined by SOS-polyacrylamide gel

electrophoresis in the absence and presence of

‘2-mercaptoethanol, with an apparent molecular weight of 36,000

was observed for human prothrombin F1.2. A siné]e

imnunoprecipitin line was observed in immunoe]ectfophdresis of )
_the purified F1:2 and a goat antibody produced with Fi.2,

: prefared with Methods section 2.8., as the immunogen (Fig. 17).



Fig. 14

93

'SDS-polyacrylamide gel electrophoresis of fractions
52 to 58 from DEAE-Sepharose column inTris-buffer *
system of Laemmli (4% stacking gel.'12% separating
gel;. Lanes 1 and 2 were molecular weight standards
and 30 ug protein, respectively. Molecular weight
standards were phosphorylase B (82,50C;, bovine '{
serum albumin (66,200), ovalbumin {%5,000), carbonic
anhydrase (31,000}, soybean trypsin inhibitor ,
« (21,500, and Tysozyme {13,400).
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Table 111
A. Assessment of amidolytic activity of-fragment 1.2.

Absorbance {single determination) at 405 nm after 23 h
incubation at 37°C (for details, see Methods section

2.9.).
----- g - - - (
F1.2 Xa thrombin plasmin kallikrein
5-2222 0 >2.0 - - -
S-2238 Y - >2.0 - -
$-2251 0 - - >2.0 -
$-2303 0 - - - >»2.0
---d‘-------...._....-_--.,-_---_--.‘. .................................

B. . Assessment of effects of fragment 1.2 on amidolytic
activities of factor Xa-and thrombin on their respective
chromogenic substrates.

. -
Absorbance {mean of 2 determainaticns' far l-min
incubation of reaction mixture at 370C‘{for details,
see Methods section 2.9.).

Fl.2 Buffer
Factor Xa + S-2222 0.26 L.Z5
" Thrombin + 5-2238 0.52 - .54



Fig. 15

-

Ultracentrifugation analysis of prothrombin F1.2.
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Fig. 16

Al

SDS-polyaéry1amide gel electrophoresis of final
preparation of prothrombin F1.2 in Tris-buffer
system of Laemmli -(43 gtaéking gel, 12% separating’
gel,. Lanes 1,2,; were notecular weight standards,
10 pg protein, and 30 ug protein respectively before
reduction with 2-mercaptoethanol. Lanes 4,5,6 @ere
18 pg protein, 30 ug protein, molecular yeight \
standaéds respectively after recduction with
2-mercaptoethanol. Molecular weight standards were
phosphorylase § (92,505}, bovine serum albumin -
(66,200}, ovalbumin (45,000}, carbonic anhydrase
(31,000}, soybean trypsin inhibitor (21,500}, and |

lysozyme (14,400).

-
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Fig. 17 Immuﬁ%iectrophoresis of prothrombin F1.2 and
an{ibody to prothrombin F1.2.
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The amino acid composition of F1.2 from a single determination

is shawn in Table 1IV. Thé extinction'coefficient Eiﬁ of Fl.2

-

determined from' amino acid composition was 11.7. The ..

amino-terminal amino acid sequence for the first 30 residues of

F1.2 is identical to that shown in Table 1.

~



Table IV Comparison of amino acid composition of human
prothrombin. fragment 1.2.

Residues/mole

Anino acid - This study Esmon (19747 Aronson {1977}
Asp 28 32.4 v 27.1
Thr ’ 30 15.0 2004
Ser 17 22.8 15.3
Giu . 36 37.8 0.0
Pro 15 19.6 13.7 .
Giy 19 24.1 18.4
Ala 23 20.0 21.2
Cys i 13.3 18.2
Val 13 154.5 ’ 14.%

/ Met 4 0.8 1.5
e . g 3.9 5.3
Leu 14 19,2 17.5
Tyr 9 7.3 13.1
Phe 12 7.0 7.5
Lys 10 7.1 5.7
His = 5 2.2 ; g.2
Arg 21 22.5 LgLs

271 270.3 263.5
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3.3, ANTICOAGULANT PROPERTIES OF FRAGMENT 1.2 IN VITRO -

-

*

3.3.1. EFFECT OF PROTHROMBIN FRAGMENT 1.2 ON PROTHROMBIN TIME

"IN NORMAL PLASMA

The in vitro anticoagulant e%fect of fragment 1.2 was
ipitially investigated by performing prothrombin time in

2

reaction mixtures-containing normal p]asmq, CaClz, tissue
factor and varying concentratidns‘cf exogenous prothrombin F1.2
added "to the system. Fig..18 illustrates the dose response
~curve for different concentrations of exogénOus F1.2 in a’
reaction mixture containing constant amounts of normai piaSma,
Ca2+ and tissue factor., A linear relationship was obtained
- between the clotting time and concentrati;n of exogenous Fi.z.
By linear regression analysis, it ;as deténnined that each pM
of exogenous fragmeni added to the system could prolong the
prothrombin system by 0.9 s. )

Possible modes of anticoagulant action of Fl.2 were
next examined by varying the concentration of tissue factor
'while maintaining constant amounts of nqrmaI plasma and CaC]j

in the reaction mixture. Fig. 19 summarizes data.obtained in

these experiments. The standard dose response curve for



Fig. 18

s‘ +

r—

. - L
Plot_of clotting time adgainst concentration of

exdgenous F1l.2 in a prothrombin time assay system
composed of 75 ulL goo1ed normal plasma, 75 pl
different dilufions‘of F1.2 in Tris-buffered saline
and 150 ul tissue factqr (Thfombure] §}. Each data
point is the mean of 3 determinations. The stﬁndar¢
error of the mean was less than 10%.

105




" Clotting Time (s)

hle]

10

L

L 1 L A 3

106

. > .
4 & 8 ‘ 10 12 14

Concentration of Exogenous F12 (uM)

16



) . ) ' k - 107
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Fig. 19 Log-log ‘plot of prothrombin time against dilution of
tissue factor {Thrombore! S} in a ;;otHFanin time
assay system composed of 75 pl pooled normal .plasma,

75 UL of F1.2 and 150 pl of tissue factor. F1.2 was

. diluted in Tris-buffered saline and tissue- factor

' was diluted in 12.5 mM CaCl,. Prothrombin -time
obtained with ng exoyenous ?1.2 (x=—=x); with 2 uM
exogenous F1.2 (o-o);' and with 5 uM exogenous Fl.2

, {a=—o). Each data point is the mean of I '
determinations.

=
7
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clotting time against di%ferent concentrations of tissue factor
was—1ﬁﬂear on log-log transformation, and this re1ation;n{p was
proportionately maintained in the présehce of_exogenous F1.2,
i.e., similar slopes were obtained with different F1.2
concentrations. 1Thus, the concentrations of tissue#factor diér
not appear %0 alter ‘the kinetics of anticoaguiadt action of
F1.2 in the prothrombin time assay system, suggesting that the
anticoagJ1ant activity was not directed against tissue factor.
It was further observed that incubating F1.Z with tissue factor
in the presence of CaCl, for 0 to 30 min at 379C before the ©
addition of normal plasma did not alter the clotting time
obfained. -
In another experiment, F1.2 was inzubated with the
following: (i) particulate tissue factor and Calls, Tiyl
particyiate tissue factor, CSC]Z ans faccter VII;, (1t
(;;rticuiate tis;ue_factor;‘CaC12._factors Vile and Yo, Ao o2

control experiment, dialyzed defibrinated plasm: was incZubated

with particulate tissue factor anc (aCl Eecause lubsard and

Jennings {1986) reported that dialyzed defibrinated plasma
could inhibit tissue factor-factor Vila activity. ATter 60 min
inCUqation, the tissue factor pellet was isoiated, washed and
assayed for tissue factor activity. The results shown in Tabic

V indicate that F1.2 by itself did not diminish tissuc¢ fuctor

-



-

Table ¥ Clotting times obtained with resuspended tissue

factor pellets after preincubatijon with

prothrombin fragment 1.2 or buffer in the

presence or absence of factor VIIa or factors
~VIla and Xa.

Each value is the mean of 3 determination® (for
details, see Methods section 2.14.3.).

T W ER W R R R R R e e T R M M R R A ey S M e e dm R em L R M R e T R T MR S R R R M M M My nw A M e m o om o m

Fl.2 Buffer
e T X e e
TF + CaCl, : 23.4 £ 07 s 23.4 £ 0.6 s
TF + CaCly + VIla - 20.5 + 0.6 s 15.7 £ 0.5 s
Te + CaCl; + VIla + Xa - 23,92 0.7 s 23.5 0.8

R R L ee S N A R L ey e L A S s e R T T MR SR R R R e AR T R B R R R MR M MR R e Mk Ay e m T W e W M Mmoo

control experiment, the ¢lotting time of
CaC12 + dialyzed geTibrinated plasma was 34.0 :

—
3
[+

—
-
+

H

O

.

[0 o]

[ Ta]



. ~
gctivity in the presence or absence of factors VIla and Xa. In
contrast, inhibition of tissue factor-activity was obtained by . ~
incubation of dialyzed defibrinated plasma with particulate

1}
tissue factor.

- )
. The anticoagulant action of F1.2 was then investigated
in a reaction system composed of different concentrations of
norma] plasm;‘bdt constant amounts of tissue factor and EaClz,
‘The results are shown in Fig. 20, with clotting time plotted
against reciprocal of plasm fTution. It has been proposed by
Duncan and Lloyd (1978) ihat these plots caﬁ be thought of as
Lineweaver-Burk plots and that the prothrombi} time is
proportional to the reciprocal ofithe reaction velocity and
reciprocal of plasma dilution is proportional to the reciproc;1
of the substrate concentration. Although the one-stage
prothrombin time 15 complex with several reactants, these plots
approximate a'straiqht line over the 8-folc dilution range of
the present experiments. Since thé lines obtaines for the
differrent concentrations of F1.2 mutually jmgersect om the
ordinate, the pattern fits that described for compctitive
inhibition, i.e., the slope is affected by the aresence of
inhibitor but the intercepts remain constant. Thus, the
results suggest that,F1.2 can compete with the substrate ‘-

{prothrombin) for the free enzymé (prothrombinase complex,; anc



Fig. 20

o | | 112

Prothombin time plotted against plasma dilution for
3 come‘r_:trations of exogenous Fl.2 : no exogenous
F1.2 {(e—e); 1.5 uM exogenous F1.2 Jo—o0j; 5 wM

‘exogenous F1.2 (a—Aa); 10 uM ekogenws F1.2 .

{0—Q). F1.2 and pooled normal plasma_were

diluted in Tris-buff_e:;ed saline, and the asseay

system was maintained at 75 pL plasma, 73 pl Fl.2

and 150 pL tissue factor (Thrombore! S). Each dita ..
point is the mean of 3 de,temi;nations. The standard

error of the mean wasVess than 10%.
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3.3.2. EFFECT OF PROTH?OHBIN FRAGMENT 1.2 ON ACTIbATED PARTIAL

THROMBOPLASTIN TIHEbIN NORMAL PLASMA

The effect of F1.2 on intrinsic pathway of coagulation
was assessed by performing activated partial thromboplastin’
time in reactfon mixtures containing normal plasma, acginted
partial th%Ombop]astin reagent, CaCl, and different
concentrations of exogenous Fl.2 added to the reaction system,
As shown in Fig. 21, a linear dose response relationship was
dbtained be;ween clotting time and concentration oV exogenous
FI;Z{' éy Tinear regression_éna1ysis, it was determined that
each uM of exogenous F1.2 added to the test system could
ﬁrolong thé aEEjvated partial thromboplastin time by 2.4 5.

The .anticoagulant action of F1.2 in vitro was
‘investigated further by varying the concentration of ngrmal
plasma while maintaining constant amounts of activaled fartia)
thromboplastin reagent and taC]z. Tne plots of clotting time
VErsus reciprécél of plasma di?uthn show§ that the slope 15
affected by the ﬁresence 0f Fl.Z but the 1ntercgpts remain
constant (Fig. 22). Adopting the approach of Duncan and Lloyd
(1978) for adalysis of resZTts, 2 competitive inhibitian

pattern is obtained in the activated partial thrombogiastin

L7
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Plot of clotting time against concentration of
exagenous F1.2 in an activated partial
thromboplastin time assay system composed of 0.1 mL
pooled normal plasma, 0.1 mL different dilutions of
F1.2-in Tris-buffered saline, 0.1 mL activated
partial thromboplastin reageng and 0.1 mL 25 mh
CaC]z, Each data hoint is the mean of 3
determinations. The standard error of the mean was
less than 10%.
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Fig. 22

]

118

Activated Qartia1 thromboplastin time pletted
1gainst plasma dilution for 2 céncentrations of
exogenous F1.2 : no exogenous Fl.2 {e—e); 1.5 uM
exbgenous F1.2 (A —aA); 3 pM exogenous F1.2
(O—0). Fl.2 and pooled normal plasma were N
diluted in Tris-buffered saline, and the assay

system was maintained at 0.1 amL plasma, 0.1 mL F1.2,

" 0.1 mL activated partial thromboplastin reagent and

0.1 mL 25 mM CaC]z. fach data point is the mean of
3 determinations. The standard error of the mean

was less than 10%.
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system. This observation is consistent with the hypothesis
that F1.2 competes with the-substraté (prothrombin) for the
free enz}me (prothrombinase complex).

e

. '3.3.3. EFFECT OF PROTHROMBIN FRAGMENT 1.2 ON-THROMBIN

GENERATION IN DEFIBRINATED PLASMA

/

(
Since it was observed that F1.2, without inhibiting the
&

activities of factor Xa and thrombin {Results section 3.2.),
could prolong botH prothrombin time and activated partial
thromboplastin time in who1e plasma (Ré5u1ts sections 3.3.1. °
and 3.3:2.), the effect of F1.2 on thrombin generation was then
stu&?ed in a defiﬁrinated p1a§ma system. Figs. 23 and 23

quantify the amidolytic activity of thrombin observed when™ .
%?SSue factor and CaCl, or activated partial thromboplastin
reagent and CaC12 were used io initiate thrombin formation. In

the control defibrinated plasma system, generally an initial

rapid prothrombin activation phase is fo110wéd by thrombin
inactivation phase. The presence Bf exogenous Fl.2 delayed the
appearance of thromdin activity in both extrinsic and intrinsic
pathway systems. In the extrin;ic pathway, in the absence q;

.

F1.2, maximal thrombin activity was observed at about 15 s.

The presencq'gf F1.2 delagyed the appearance of similar maximal

!



Fig. 23

Effect of exogenols F1.2 on thrombin generation
initiated with tissue factor {Thromborel S} in a
defibrinated.p]asma system. With no excgenous 51.2
(x-—x);'with 5 uM exogenous F1.2 (o—o0); with 1C uM
exogenous Fl.2 {a—a); with 20 uM exogenous F1.2
(0—Q). For detai]g, see Methods section 2.14.5.

-
-

Each data point is the mean of Z deterninations,

P
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Fig. 24

123

Effect of exogenous F1,2 on th;ombin generation
initiated with activated partial thromboplestin
reagent in a defibrinated plasma system. With no
exogenous F1.2 (x—x); with 5 uM exogenous F1.2
(0—o0); with 10-uM exogenous F1.2 {0—Q ;.  For
dgtails} see Methods section Z.14.5. Each data

point is the mean of 2 determinations.

et
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thrombin activity to 30 s. ¥In the intrinsic pathway, maximal
thrombin activity was shifted from 45 s to‘at least 60 s.

These éxperiments.pfcvided indirect evidence that the mode of
action of exogenous F1.2 on'prolongation_of proth;ombin time

and activated partial thromboplastin time in whole plasma was
caused by a de]ay’in fo;ﬁution of threshold gquantities of
thrombin required for clotting, irrespective™f the trigger for
initiating prothrombin acéivatign_ ‘MWhile these results are faN
consistent with the dé1ay of ;hrombin_fonnétion. the site of

-

action of F1.2 is not known.
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| 3.3.4. EFFECT OF PROTHROMBIN FRAGMENT 1.2 ON FACTOR X

ACTIVATION

To explore sites of action of F1.2 as an inhibitor gf
prothrombin activaiion, the effect of F1.2 on factor X
activation was assessed in both defibrinated plasma system and
purified protein system (Methods section 2.14.4.). Reaction
'mixtures contained defibfinated plasma, or purified_factb; X, =~
purified facter VIiIa and tissue facior-CaClZ in the presence- or
absence of F1.2. Factor Xa activity was assayed by its
activ{ty on ghromogenic substrate $-2222. As can be seen from
Table VI, the activation of factor X was not inhibited by ¥ pM
fragment 1.2. There%ore. the delay in thrombin §énera:ion,

1
assocfated with the presence of F1.2 as observed in prevdous.
experiments, was not related to decreasec activation of factor

‘.

X.

-
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Table VI Factor X activation as assayed by amidolytic
assay with 5-2222 (for details, see Methods
section 2.14.4.].

In defibrinated plasma system, factor Xa concentration in aM
{each value is the mean of 2 determinations).

Incubation time Fl1.2 Buffer
. 3 min 2.0 1.0
5 min 1.0 f—_;ﬁ 1.0

In purified protein system with purified factors VIlla and X,
factor Xa concentration in nM (each value is the meun of
determinations).

Incubation time Fl.2 Buffer
3 min 21.9 2.5 <
10 min 28,1 27.68
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3.3.5. EFFECT OF PROTHROMBIN FRAGMENT 1.2 ON THROMBIN

_ GENERATION IN‘PUﬁIFIED PROTEIN SYSTEM
The results of the previous experfments indicated that

the anticocagulant ;ctivity of F1.2 was related to its presencé
during the conversion of prothrombin toc thrombin. )
Conse&uent1y, the éffect of F1.2 on various components of the
prothrombinase cohp19x was studied in purified protein systems
to further define the mechanism of inhibition of F1.2 on
coagulation (Methodé section 2.14.6.).'-Thé results of téesé
experiments are .summarized in Fig. 25 to 28. Fl.2 did not ;
inhibit activation of prothrombin by facisr Xa and CéC]Z or
factors Va,.Xa and QaClZ_ However, F1.2 inhibited thromhin °

ge;eration when reaction mixtures contained coagulant

phospholipids. Compared to the buffer control, Z uM Fl.?'
- & inhibited théﬁmbﬁn.generation by 87% at 13 min in a reaction
'lnfxturé containing phospholipid, factor Xa and CdC]z. At Z uM,
F1.2 iahibited thrombin generation by only 30%-at 1 min in a
) reaﬁtion_miﬁture containing factor Va, phospholipid, factor Xa
and CaCl,. The results show tﬁgt F1.2 inhibits prothrombin
activation and exerés its'anticoagu1éht actib}ty by‘gomSetfng

~with prothrombin for phospholipid binding sites.- The presence
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Effect of F1.2-on thrombin generation in a purified
protein system composed of 9§ ni factor Xa, 10 mM
Ca_C'{Z and 1 uM prothrombin. With no Fi.2 {x—x};
with 4 uM F1.2 (e—s;. For details, see Methods
section 2.14.6. Each data point is the mean of Z
determindtions. ’
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Effect of F1.2 on z:.hrombin géneration in a purified‘
protein system composed of 1 nM factor Va,- 1 nM
factor Xa, 10 mM CaCl, and 1 ,ub':. prothrombin. With
no F1.2 (x—x); with 4 uh F1.2 (o—o0}. For details,
see Methods section 2.14.6. Each Wata point is, the
mean o.‘x:'-determination@

s
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Fig. 27.

Effect of F1.2 on thrombin generation in e purified’

protein system composed of phospholipid (60 ng
organic phosphate/mL), 10 nM factor Xa, 10 mM taC]7

and 1 uM prothrombin. With no
uM F1.2 {Q—0); with 4 g™ Fl
F1.2 {o—0). For details, see

determinations.

¥

F1.2 (x=—x,; with 2
2 L A=—pa )y with 8 uM
Methods section

2.14.6. Each data point is tihe mean of 2
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Fig. 28

Effect of Fl 2 on thrombin generation in a pumﬁed
protein system composed of phOSphth]d (DW
organic phosphate/mL}, 1 nM factor Va, I nM factor
Xa, 10 mM CaC12 and 1 gM prothrombin. With no F1.2
(x—x); with 2 uM F1.2 {D—0Q); with 4 pM F1.2
(A—'A).; with 8 uM F1.2 (0—o0). For details, see
Methads section 2.14.6. Efach data point is the mean
of 2 determinations.. -
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L ]
of factor Va decreases this anticdiagulant activity of Fl.2,
thus, suggesting that factor Va interacts moge efficientiy with

prothrombin than F1.2.

< . ﬁ

-
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3.4. ANTITHROMBOTIC PROPERTIES OF FRAGMENT 1.2 IN VIVD
Thus far, it has been demonstratedvthat F1.2 could
inhibit in vitro coagulation. However, whether F1.2 exerted

any anticoaqulant effect in vivo remained to be answered.

‘Previously, Schneider (1947) and Thomas\le&?) demonstrated

independently that mice were kilied by intravenous.injectiohs

of tissue factor. Further, this 5155ue factor-iﬁduced death

could be prevented by treatment with heparin or incubation of

tissue factor with serum. Therefore, to test if F£.2 could act -
as an antithrombotic agent, in vivo, the protective effect of

F1.2 in mice inje&ted withﬂlethai doses of tissue factor was
détennined. The quantjtatiQE mouse assay system was performed

as described in Methods section 2.15, Thromboré1 S, & human

placental tissue factor, which gave 14.6 ¢+ C.5 s prothrombin

time, was assigned 1.0 unit/mL tissue factor activity.

Different amounts of placental tissue factor were injected

w

intravenously into ice of 20. t0 2 grams body weight, and the
minimum 1étha1 dose was found to be 0.2 hnits of tissue factor
(Table VII). The protective effgct of heparin against lethal

doses of placental tissue factor in this mouse assay system was

P

confirmed as it was observed that & units (40 pg) of héparin
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Table VII  Effect of intravenous administration of :
i different amounts of tissue chtor_(TF) into

-mice.
TF (units)  No. Live No. Dead  Total No. % Survival’
0.02. 6 0 & . 100
0.05 3 3 € 50
0.1 £ g 2 6 67
0.2 0. 5 6 Q.

s



T e

. * 140

| "protected all the mice_from tte 1éthal effect of injected

tissue factor’injections (Tab1e ViII) Pre11m1nary exper1ment

1nd1cated that 1nJect1ons of prothrombtn Fl 2 at 5 to 500 pg

‘.per mouse had no apparent adverse effect on the mice. -The

ant1thrombot1c effect of Fl. 2 was assessed by adm1n1strat1on of
Fl.2 wtth the t1ssue factor extract (Tab]e IX). The degree of
protection was a function of the dosage of Fl.2; and 100%
protection against a Iethat'dose of tissue factor was achieved
with 500 pg Fl.2. | |

In another experlment to assess the antlthrombot1c

_effect of F1.2, it was observed that when 500 pg of F1.2.was

1njected'30-min before the,adminiétfatiod'of Tethal tissue
factor, 67% of the mice survived.
The protective effect of F1.2 in a further survival

experiment was performed to'study the antithrombotic properties

of Rl.2. Using human thrombin as the thrombotic agent in mice,

an intravenous dose of 20 ug (40 un%te) of thrombin killed all

the mice (Table X}. The simultaneous injection of 500 pg F1.2

. with thrombin prevented 89% of the mice from thrombin-induced
“gjqeeth'{Teble XI). Similar to the tissue factor experiment, 6

iuﬁits'Of'heparin was effective in protecting all the mice from

thrombin-induced death (Table XIIJ.

When the effects of factor-Xa and cephalin in the mouse



Table VII1 Effect of intravenous administration of

mixtures of different amounts .of heparin and

". Tethal doses of tissue.factor {0.2 units) into

mice. .
N Heparin(uni;s) No. Live No. Dead -  Total No. % Survival
.0 0 6 5 0
‘3.0 2 L4 £ 30
6.0 6 0 g 100.
. .
L O
. &7 *
[ ‘
‘I
7 i
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Table IX Effect of intravenous administration of
mixtures of different amounts of prothrombin
Fl.2-and lethal doses of tissue factor (0.2
units) into mice.

SR TR R M M S R S L e T R e T EE W R TS ML SR R e e R R AR MR e S R R S e W R ER SR SR AR R W e e e = W s

0 0 6 6 0 .
50 0 6 6 0
100 1 5 6 17 <
200 3 3 S 50
300 3 3 6 50
400 3 3 6 30
500 6 0 6 10C
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Table X Effect of intravenous administration of
different amounts of human thrombin into mice.

A e SR L e R T T WS W R ML WS ML T ML L EE L L U e R TR M A R e R A R e e e ey e W W R M o

5 3 0 3 160
10 - 3 D 3 100
15 3 0 3 100
20 0 3 3 0

"
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Table XI Effect of intravenous administrat?ﬁp of
mixtures of different amounts of prothrombin

F1.2 and lethal doses of human thrombin (20
pg) into mice. .

A U ek e R L R R R R MR R R e ey S N R R R S W N R AR ARy o S R R T T ME R R R

F1.2 (ug) No. Live No. Dead Total No. 2 Survival
0 . 1 8 S 11
500 8 1 9 89
3
.‘\’/\'_/
"
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Table XII  Effect of intravenous administration of
mixtures of different amounts 6f heparin and
lethal. doses of human thrombin (20 ug) into

| / mice. :

L A e o SR O MR MR ML SR L R MR Em R AR S L AR Gy e e R R M R W M N E SR AR R e dy ke

Heparin(units) No. Live No. Dead Total No. 2 Survival
.............. e e dmmmmammmememcmcmrmtemem e m e e mm—————— o
0 0 S 5 - 0
0.375 1 -5 ) - - 17
0.75 1 5 6 17
1.5 4 2 6 N-Y
3.0 5 1 6 83
6.0 6 0 6 100

" )
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assay-system were investigated, it was observed that the mice

could tolerate intravenous injgcﬁions of 1 to 40 ug of factor

Xa or O;OS'to-l.Z'pg of cephalin (6 ug of organic phosphate/mL)

with no adverse effects. However, when factor Xa and cephalin,

were used as a mixture, all the mice died upon intravenous

injections of 1 pg of factor Xa'and 0.18 ug of cephalin (Tabley

XIIf). The effects of heparin and -F1.2 5gainst Tethal doses of
factor Xa and cephalin adﬁinistratiqn in mice were then
stud#gd. -1t was observed that 0.75 units of heparin protected
“all the mice against lethal doses of factor Xa and ceph;]in,
but 500 ug of F1.2‘did not proteft'ahy of the mice against

lethal doses of factor Xa and cephalin (Table XIV and XV}.

&



Table XIII Effect of intravenous administration of
. mixtures of different amounts of human factor
Xa and cephalin {PL) into mice.

e AR R R L M e R SR R R ER SR R R R R e e e A A RS R R R A B e e S M Ar e M e o T

e R T R e e e e T T e S S

40.0 0 6 0 6 100

0 .1.20 6 0 6 100
0.1 0.18 6 0 6 100
0.5 0.60 6 0 , 6 100
1.0 0.06 2 4 5 33
1.0 . 0.12 2 3. 5 33
1.0 0.18 0 6 6 0
1.0 0.24 0 6 -6 0
1.0 0.30 0 6 6 0

o

147

&



148

y .
b
) ?‘able XIV Effect of intravenous administration of
mixtures of different amounts of heparin and
- lethal doses of human Xa (1 uwg) and cephalin
(0.18 ug) into mice.

Heparin(units) No. Live No. Dead Total No. % Survival
0 G 6 6 0
0.15 0 6 6 0
0.375 4 2 6 &7
0.75 6 0 & 100
6.0 6 0 6 100

................. Jmmmmmememmmtcccccccmmemmmeaeee e i — e m

&



Table XV Effect of intravenous administration of
mixtures of different amounts of prothrombin
F1.2 and lethal doses of human Xa (1 ug) and
cepha11n {0.18 pg) into mice.

b

F1.2~(ug) No. Live No. Dead Total No. % Survival
0 0 G & 4]
100 0 £ 6 0
300 0 6 6 0
500 0 & & 0

=



CHAPTER 4



. - DISCUSSION

3
-

Althotgh purificatipn of prothrombin F1.2 was reporfed
several years ago, isolation of tne fragment has been tedious.
One approach adopted by several groups of researchers was from
the initial purification of prothrombin (Esmon et al., 19743,
Govers-Riemslag et al., 1985). Purified prothrombin was then ~
activated with factor Xa and C§Ciz, with or withqut factor V
and phosphdlipids, to form F1.2. As a result of the activation.
process, other products of prdthroﬁbin activation, such as
orethrombin 2, and 1 and F2, were also produced.

Consequently, purification of F1.2 reqguires additiona!l
chromatographic steps to separate F1.2 from factor Xa and ogther
prothrombin activation products in the reaction mixturc.
Another approach was that reporte;‘b; Argnson et al. (?9?7;
which utilizes the adsorptive properties of F1.2 to '
DEAE-cellulose ahd hydroxylapatite; b{t the preparation
obtained was not homogenous {Lau et al, 1679;. Tne procedure
for the purification of F1.2 reported in this study is -

Eelatively simple, and F1.2 was prepared.without prior

purification for prothrombin. Preparations were effectively

150
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homogeneous aé-judéed by electrophoretic, u]tracentfifugation

and immuno]ogicél studies. The overall yield of Fl.2 was_about_
% if we assume all the prothrombin in the starting plasma‘was'; |
converted to F1.2. Final preparations had no detectable
antiproteinase activities and were free of thrombin or factor

Xa activities as measured by amidolytic,assay systems. In

addition, the preparations could be administered intravenously

~into mice with no apparent adverse effects.

4.1. 1IN VITRO ANTICOAGULANT PROPERTIES OF FRAGMENT 1.2

The in vitro experiments demonstrate that human
prothrombin F1.2 poséesges anticoagulant properties. .The-mode
of action of F1.2 was studied in different reaction systemﬁ.
Clotting of human plasma induced by;tissue factor or activated
partial thromboplastin reagent was inhibited by exogenous humen
F1.2 in a dose response manner. Using a defibrinated plasma
system, a delay in thrombin generation was observed. The
mechanism of inhibition on coagulation by F1.Z was not rg1ated
to direct inhibition of tissue factor.activity nor direct
inhibition of factor X activation; instead F1.2 exerts its
anticoagulant effect by interfering witn Bhospholipid

interactions in prothrombin activation by prothrombinase
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complex. Thus, the inhibition is probably due to the
gamma-carboxyglutamic acid confaihing region 6f prothrombin
F1.2 competing with prothrombin and/bt factor Xa for
phospholipid binding sites (Gitel g&fgl., 1973; Dombrose et
al., 1979;. Bovine prothrombin F¥.2 has also been reported to
inhibit prothrombin activation at the level of phospholipid in
a kinetic study with pdrified'components (GoversrRiehslag et

al., 1985).

. I

While F1.2 possesses the F2 domazin which interacts with
factor Va, prothrombin activation by chtorﬁ Xa and Va in the
absence of phospholipid was not inhibited by F1.2. lﬁ
additiOn, factor Va could modulate the inh}bitory effect of
F1.2-on prothrombin activation by factor Xg'and phosphor{pid.
These observations are consistent with date published for the
bovine system (Govers-Riemsiag et al., 198%,; and cen be
explained simply by assuming that factor Va can react cetter
with prothrombin in prothrombinase complex assembly than with
F1.2, per se. .Studies to compare the interactions of factor Va
with prothrombin and F1.2 in relation to factor Xz and
phospholipid will undoubtedly provide directlinformation on

this subject.
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4.2. IN-VIVO ANTITHROMBOTIC PROPERTIES OF FRAGMENT 1.2
y - "4 - - .

The Wessler rabbit stasis deei.has offen béeﬁ'used for -
:‘ assessing the thrombogenic and antfthrombégenic potential of ‘
various materials (HessTef gj;gl.; 1959; wess1er,'19653. while
the assay takes advan;age'of the abi]ifyrof,étasis to mar@ed]y
potentiafe-infravascu]a? coagulation éﬁd provide fnformatioﬁ
about thrombosis af a localized site in vaSCuJar‘staégs, it
does not deal with éoaguTationlin a free flowing vaﬁcu1ar |

. system. Therefore:othe mouse model was Chosen for.in vivo
studies as it provjdés'a'physioidgic envirgnment for studﬁing

. thrombosis and hemostasis. In addition,.experiments with mice
can be perfonhed more economically than experiments with
rabbits..

The c]ini;a? use of heparin in the orevention and
treatﬁent of thfombosis has é_1ong.history and its -
effectiveness is well documented.” In this study, the
antithrombotic effects of ﬁrothrombin F1.2 was investigate& in
paratlel with heparin and heparin was used as a reference to
compare antuyhrombotic efficacy of F1.2 in a mouse model.

QMf/resuits of the in vivo antithrombotic eiperiments

ihdi;ate that prothrombin F1.2 could modulate the effects of

tissue factor initiated intravascular coaguiation ;in a mouse

i



mode] . 'Nhﬁlé sooipg of exogenous human F1.2 was required to

provide 100% protection agains£ a.1etha1 dose of tissue factor,
administration of 100 pglof F1.2 protected 17% of t;; mice from
:ltiSSue factor-induced death. Sincé.the total plasma volume of
a 20 to 25 g mouse is estjmated at 0.8 to, 1.0 mL (Wang, 1959),
- theoretically, 100 pg of F1.Z corresponds to the maximum amount
of F1.2 that could be generated if all the prothrombin in 1.0
mL of plasma were converted to F1.2. Thus, administration Jf
human prothrombin F1.2 does protect the ﬁfce although .
relatively hiéh concentrations are required (500 pg/mbL or li uM
for 100% pfotectﬁon). In ¢comparison, a relagive1' gh dose of
heparin (6 units or 40 ug or 3 pM) was also required to protect’
ali the mice from tisﬁue factb}-inducéd death. It has béen
demonstrated that p}evention—of cxtenéion_uf thrombosis COuIQ
lbe achieved with a heparin level of 0.3 to 0.6 units/rL in 2
rabbit stasis model (Chiu et al., 1577;. In addition, intusion.
of heparin (5.to 20 units/Kg) in a rabbit stasis model
{equivalent to 0.1 to 0.4 units/20 g mouse] significently
reduced the-extent of thrombosis induced by ;nje:tions of

activated coagulation factors and tissue factor (Gitel et al.,

1977; Gitel and Wessler, 1979).
Several factors may account for the relatively large .

amount of human prothrombin'F1J2'required to protect the mice
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in ihis model. First, the lethal amount of tjssue factor
administered constitutes an unusually severe challenge which -
cahnot be t;ta11y neutra1iéea wftﬁbbﬁééioiogic,tqpcentrétions
of naturally occurring §nticoagu1ants. Sécond, prothrombin'
F1.2 formed on the surface of the inju%ed endéthe]ium may be.
more effective in inhibiting coagﬁlation thaﬁ the infused ‘
7 _ _ : .
preparations. Third, possible generation of other thrombosis
promoiing components, e.g., factors Xa and Va, caused by
initiation of_cdaguﬁation may decrease the effectiveness of .
F1.2. Fourth, infused‘Humaw brothrombin Fi.2 may be less

effective in inhibiting thrombosis ir a different species as

ability of human F1.2 to comfete with mouse prothrombdin is not

’e'ndothel jum an

KNOWN.

It is of interest to note that human prothrombin F1.2

(-] -~
could also play a rdgle in modulating human thrombin-induced
t .

death in the mouse

’

, a5 prothrombin F1.2 does not inhibit

proteolytic activities of thrombin in vitro. Tne dosages of ~
human prothrbqhin F1.2 required to prevent thrombin-induced =
death were similar to that reqﬁ?neé for prevention of tissue
factor-induced death. It can‘bé hypothesized that in order for

a

1
thrombin to pa@gi death of mice, thrdmbin has to prime the
d platelets, and overcome inherent natural

~ Al .
~anticoagulant mechanisms, e.g., antiproteinases such as . =~ .
2 ' . -
. ’
. ]
' ~
r'/.\‘.,/’

-3

:\‘;’i‘ .



=

o ' ' !

-antithrombin I11, ' x,-proteindse inhibitor, and

; -macroglobulin.’ Thus, it is possible that the thrombin

administered intravenously exert its Jethal action on mice

'through further generation of thﬁombin, in viva, from positive

feedback reactioﬁs via activation of factors V and VIII (Mann"

and Lundblad, 1987). F1.2 was jeffective in inhibiting this

i

further,generation of thrombin, in vivo, by interfering with

prothrombin activation, and was therefore able tb prevent death

of mice.

In thié\stday, it was observed that infusion of factor

Xa alone, even at concentrations more than i—fo1dn§nat'of

normal facter X concentrétion did not cause intravascula?

coaguliation in mice. Normal factor X concentraticn in human
¢ ) .

plasma is 7 to 8 wg/mL f&iletich et al., 1981,. A sgukcu’of

phospholipic, “such as cephalin, was required for physiologic

concentration {1 pgy of factor Xa tu exert lethal effect in

mice. This synergistic Yethal effect of factor Xa and cephalin

may* be étgrjbutgg-;o-tbe enhancement effect of phaspholipid on
factorrﬁéiégta{yzed‘activation of prathrombin and factor V
(Foster et ai., 1983). Barton et al. (1870; also observed that
factOﬁ Xacjifg}%xed with phospholipid manifested incréased
thrombotic/activity in a rabbit stasis model. The amount of °
heparin {0.75 uﬁitélof Heparin) required‘to inhibit this

4
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cephalin and facfor Xa induced 1eth§1ity in mice was
.5ubstaﬁtia11y less than that (6. units of heparin) required to
inhibit either tissue'factor or throﬁbin indﬁced death. This.
resu1t_may reflect the difference in heparin requirement for
inhibiting the synergistic effect of 1 pg factor Xa gnq
cephalin versus inhibiting activity of tissue factor or 20 pug
thrombin. Yin (1974) has shown that adsorption of factqr Xa to
phospholipid surfaces.p}otects the enzymé from inhibitipn by
;ntﬁtﬁrombin ITI, and heparin could prevent the phospholipid
protection. These results a156'i1Justrate the versatile mode
of action of heparin as an antithrombotic agent in preventing
intravascular co;gulétion.

Th¥observation that 500 pg of F1.2 did not inhibit
" cephalin and factor Xa induced deafh in miteISJggest that when
there was adequate factar Xa formed as a complex with cephg1in,
the factor Xa-cephalin ;omplex was capable of caus%ng
intravascular coagulation which could not be inhibi{ed
effectiye]y by prothrombin Fl.2. Together with o;her in vivo
experiments, this observation suggest that the dﬁoﬁnts ef
- factor Xa and procoagulant phospholipids generated.in vivo
from intravenous injections of lethal doses of tissué fqgtor or
: Fhrqmbiﬁ were limited. Further, it is possible that increases . ‘}

in procoagulant phospholipid concentrations could modulate..the
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antithrombotic effect of F1.2, which is consonant with the

observation'in vitro that it competes for phospholipid binding

-

sites.” In addition, it has been reported that factor Xa and

o
phospholipids protect factor Va from inactivation by activated
protein C (Nesheim et al., 1982). Hence, it is possible that
the unique synergistic letfal action of factor Xa and cephalin

-

was not effectively inhibited by F1.2 as the results of
experiments, in vitro, showed that factor Va could reduce the

effectiveness of F1.2 in inhibiting prothrombin activation.

The results of the in vitro and in vivo experiments,

presented in this thesis, provide strong evidence in support of
the potential anticoagulation and‘antithrombotic properties of -
prothrombin FL.Z in modulating‘both‘extr%nsic and intrinsic
pathways of coagulation. -Since F1.2 is a physiologic
metabolite and h;s antithrombotic effécts it may be of interest
to contemplate its use in prophylactic trcatment,of patients at

risk of thromboembolic events.



SUMMARY

Fhe aim of these studies was to develop a simple and

efficient method for purification of humar prothrfombin Fi.2°

. from plasma and to determine the anticoagulant and .

antiphrombotit proﬁerties of prothrombin F1.2 towards a better
uﬁderstanding of some of the mechanisms that could be
responsible for the_modulati;n of coagulation.

The aspects of this thesis which present new
developments and Baveradyanced our kndw]edge in relation to
thrombosis and hemostasis are :

1. A new method for preparing prothrombin'Fl.Z from
human_p1asma. The features of this methou which are distinct
from those used by other investigators or improvements over
earlier methods are : (i) preparation of purified prothrambin
Fl1.2 from-pIasma without ;esorting to prior purification for
prothrambin, (i1} use of benzamidine to inhibit degradation of
F1.2, {(iii) use of benzamidine-Sepharose to remave activated
coagulation factors, an@ (iv) use of Cibacron blue-agarose
instead of gel filtration to remove high molecular weight
contaminants.

* 2. Human prothrombin F1.2 has anticoagulant activities
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and its mechaniém of action is jnhibition of préthrombin i
activation by prothrombipasé complex at the level of ¥
, phosphb}ipid interactions. The present observation is believed
to constitute the first report of anticoagulant properties of
human prothrombin F1.2:
¥ 3. Human prothrombin Fl.2; in the presénce-or absence

'of factor Viia and factor Xa, does not inhibit tissue factor
N - - .

“activity in vitro. ~ o
< .

4. Human prothrombin F1.2 does not inhibit factor X -
activation in vitro. |

5. Human, prothrombin Fi;2\has antithraggotic
activities in preventing lethal effect of tissué factor in .
mice, and preventing lethal effect of thrombin in mice,

6. Human prothrombin F1.2 ig'not.effective in
preventing factor Xé and cephalin induced Tethelity in mice.

Collectively, these findings demonstrate thaet human
prothrombin F1.2 has anticoagul ntrand antitarombotic
propertig§, and probably through its gamma-carboxyglutamic acid

;-region confers upon the activation fragment of prothrombin the

capacity to modulate coagulation in vitro and in vivo.
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